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APPEAL BRIEF 

Dear Sir: 

This appeal brief is submitted in support of the Notice of Appeal filed on 30 
September 2009. 

REAL PARTY IN INTEREST 

The real party in interest is the Regents of the University of California, having its 
primary place of business at 1 1 1 1 Franklin St., 12 th floor, Oakland, CA. This application 
is a continuation of Application Serial No. 08/472,843, filed 7 June 1995. The '843 
application was itself a divisional application of Application Serial No. 07/741,305, filed 
on 7 August 1991 . The original assignment to the Regents was recorded at Reel/Frame 
4757/0030-0032 on 25 October 1994. 
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RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences that might have any bearing, direct 
or indirect, on the Board's decision in this appeal. 

STATUS OF CLAIMS 

The current status of the claims is: 

Claims 1-26 are pending. 

Claims 13-15 and 24-26 have been withdrawn by the examiner. 
Claim 1-12 and 16-23 stand rejected are the subject of this appeal. 

STATUS OF AMENDMENTS 

All amendments have been entered. The claims were last amended on 27 May 
2008 in response to a non-final office action mailed 29 November 2007. 

SUMMARY OF CLAIMED SUBJECT MATTER 

This invention is directed to a simple yet elegant means of loading lipid-like 
vesicles with a chemical where, after loading, the concentration of the chemical is 
greater inside the vesicle than outside the vesicle yet the gradient can be maintained for 
at least one quarter hour following loading. That is, the claims on appeal include four 
independent claims, claims 1, 2, 16 and 20. Claim 1 is directed to: 

1 . A method of loading lipid-like vesicles, comprising: 

forming lipid-like vesicles in a solution comprising an acidic 
buffer if the chemical species to be loaded is basic or a basic 
buffer if the chemical species to be loaded is acidic, wherein: 

membranes of the formed lipid-like vesicles are 
impermeable to the buffer; 
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adjusting the pH of the solution exterior to the membranes of 
the lipid-like vesicles to a basic pH if the chemical species to 
be loaded is basic or to an acidic pH if the chemical species 
to be loaded is acidic; 

adding a basic chemical species to the adjusted basic 
exterior solution or an acidic chemical species to the 
adjusted acidic exterior solution; 

loading the chemical species into the vesicles; and 

adjusting the exterior solution to a physiologically benign pH, 
wherein: 

the chemical species is substantially maintained in the 
vesicles for at least one quarter hour after the 
adjustment of the exterior solution. 

Support for "lipid-like" vesicles can be found at least on page 3, paragraph [0023] 
of published patent application serial number US 2004/0208922, which is the published 
version of the instant application. 

Support for forming lipid-like vesicles in solutions comprising a buffer wherein the 
acidity/basicity of the buffer is dependent on the acidity/basicity of the chemical to be 
loaded into the vesicles can be found at least on page 4, paragraph [0028]. 

Support for membranes of the lipid-like vesicles being impermeable to the buffer 
can be found at least on page 4, paragraph [0031]. 

Support for adjusting the pH of the solution exterior to the vesicles can be found 
at least on page 4, paragraphs [0027] and [0028]. 

Support for adding a basic or acidic chemical species to the adjusted exterior 
solution can be found at least on page 4, paragraph [0030]. 

Support for loading the chemical species into the vesicles can likewise be found 
at least on page 4, paragraph [0030]. 

Support for adjusting the exterior pH to a physiologically benign pH after the 
chemical species is loaded can be found at least on page 4, paragraph [0030]. 

Support for the chemical species concentration being maintained for at least 15 
minutes can be found at least on page 4, paragraph [0033]. 

Independent claim 2 is directed to: 
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2. A method of loading lipid-like vesicles having a 
membrane permeable to a chemical species to be loaded 
and for substantially maintaining the loaded chemical 
species within the vesicle for at least one-quarter hour 
following loading by inducing a pH gradient across the 
membrane, comprising: 

(1) incorporating within the vesicle a buffer solution 
buffered to a selected acid or alkaline pH having a selected 
molarity and at last one selected pK a approximately equal to 
the selected buffer pH, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour 
following loading of the chemical species; 

(2) positioning the vesicles in a bulk solution having a 
selected pH, and 

(3) providing the bulk solution with a chemical species 
having one or more selected acid pH responsive groups if 
the buffer is alkaline or one or more basic pH responsive 
groups if the buffer is acidic wherein the pH of the bulk 
solution is at least 0.5, 0.3 or 0.2 of a pH unit higher than the 
pH of the buffer of the buffer is acidic and the chemical 
species has one, two, or three or more basic pH responsive 
groups, or the pH of the bulk solution is at least o.5, 0.3, or 
0.2 of a pH unit lower that the pH of the buffer if the buffer is 
basic and the chemical species has one, two or three or 
more acid pH responsive groups, the pH responsive groups 
of the chemical species having one or more acid pH 
responsive groups have a pK a that is generally lower than or 
equal to the pH of the bulk solution and generally higher than 
or equal to 3.5 and the pH responsive groups of the 
chemical species having one or more basic pH responsive 
groups have a pK a that is generally higher or equal to the pH 
of the bulk solution and generally lower than or equal to 1 1 . 

Support for incorporating within a vesicle a buffer solution buffered to a selected 
pH, molarity and pK a can be found throughout the application, in particular in 
paragraphs [0025], [0026], [0027], [0028], [0029], [0030] and [0031], 

Support for positioning the vesicles in a bulk solution having a selected pH can 
be found at least in paragraph [0026]. 

Support for providing the bulk solution with a chemical species having acid or 
alkaline pH responsive groups can be found at least in paragraphs [0010] and [0026]. 
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Support for having the pH of the bulk solution at least 0.5, 0.3 or 0.2 units 
different from the pH of the buffer within the vesicles can be found at least in 
paragraphs [0010] and [0011]. 

Independent claim 16 is directed to: 

16. A kit for loading lipid-like vesicles having a membrane 
permeable to the chemical species to be loaded comprising: 

(1) a first compartment having a first solution having 
membranous lipid-like vesicles incorporating a buffer 
buffered to a selected acid or basic pH, the buffer having at 
least one selected pK a approximately equal to the selected 
buffer pH and a selected molarity and being substantially 
impermeable to the vesicle's membrane for at least one- 
quarter hour following loading of the chemical species and 
the first solution having a selected pH such that the stability 
of the vesicle and its buffer can be maintained for a period of 
at least one week at 4 °C; 

(2) a second compartment, separate from the first 
compartment, having a second solution at a selected pH; 

(3) a chemical species permeable to the vesicle having a 
selected pK a and one or more selected acid pH responsive 
groups if the buffer is basic or one or more basic responsive 
groups if the buffer is acidic, the chemical species being 
initially present in a selected one of two solutions with the 
second solution having a pH such that the mixture of the first 
and second solutions would have a pH at least 0.5, 0.3 or 
0.2 of a pH unit higher than the pH of the buffer if the buffer 
is acidic and the chemical species has one, two, or three or 
more basic pH responsive groups at least 0.5, 0.3 or 0.2 of a 
pH unit lower than the pH of the buffer if the buffers is basic 
and the chemical species has one, two or three or more acid 
pH responsive groups, the pH responsive groups of the 
chemical species having one or more acid pH responsive 
groups hav a pK a that is generally lower than or equal to the 
pH of the mixture of the first and second solution and 
generally higher than or equal to 3.5 and the pH responsive 
groups of the chemical species having one or more basic pH 
responsive groups have a pK a that is generally higher than 
or equal to the pH of the mixture of the first and second 
solutions and generally lower than or equal to 1 1 . 

Support for all the elements of claim 16 can be found on at least page 2, 
paragraph [0013]. 
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Independent claim 20 is directed to: 

20. a kit for loading lipid-like vesicles having a membrane 
permeable to an acid or basic chemical species to be loaded 
comprising: 

(1) a first compartment having a first solution having 
membranous lipid-like vesicles incorporating a buffer 
buffered to a selected basic pH if the chemical species to be 
loaded is an acid or acid pH if the species is a base, the 
buffer having a selected pK a and a selected molarity, the 
membrane being substantially impermeable to the buffer for 
at least one-quarter hour following loading of the chemical 
species, the first solution having a selected pH such that the 
stability of the vesicle and its buffer will be maintained for a 
period of at least one week at 4 °C; 

(2) a second compartment having a first substance which 
when combined with the first solution will adjust the pH of the 
first solution so as to provide a predetermined pH gradient 
between the buffer within the vesicle and the pH adjusted 
first solution; and 

(3) a third separate compartment having a second 
substance which when combined with the pH adjusted first 
solution with further change the pH of said solution to a 
physiologically benign value with regards to the blood of a 
mammal. 

Support for all of the elements of claim 20 can be found on at least page 2, 
paragraphs [0013], [0014] and [0015], 


GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The grounds for rejection to be reviewed in this appeal are: 

1 . Whether claims 1-8, 10-12 and 16-23 contain subject matter that was not 
described in the specification is such a way as to reasonably convey to one skilled in 
the relevant art that the inventor, at the time the application was filed, had possession of 
the claimed invention (written description rejection). 

2. Whether claims 1-12 are unpatentable over Nichols, et al., Catecholamine 
Uptake and Concentration by Liposomes Maintaining pH Gradients, Biochimica et 
Biophysica Acta, 1976, 455:269-271 (Evidence Appendix, Exhibit "A"), Deamer, et al., 
The Response of Fluorescent Amines to pH Gradients Across Liposome Membranes, 
Biochimica et Biophysical Acta, 1972, 274:323-335 (Evidence Appendix, Exhibit "B"), or 
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Cramer, et al., NMR Studies of pH-lnduced Transport of Carboxylic Acids Across 
Phospholipid Vesicle Membranes, Biochemical and Biophysical Research 
Communications, 1977, 75:295-301 (Evidence Appendix, Exhibit "C"). 

ARGUMENT 

Claims 1-8, 10-12 and 16-23 are fully supported by the specification in their 
claimed breadth and meet the requirements of 35 U.S.C. § 112, first paragraph, 
with regard to written description. 

Simply put, the examiner demands too much, certainly far more than required by 
extant law as it should be applied in this case. The examiner has maintained the same 
§ 1 12 rejection, in essentially the same language throughout prosecution of this 
application, q.v. Office Action mailed 5 September 2008 (OA1, Evidence Appendix 
Exhibit "D"), Office Action mailed 31 March 2009 (OA2, Evidence Appendix, Exhibit "E"). 
The examiner's first argument is entirely misplaced in that it attempts to equate 
disclosing a "laundry list of every possible moiety" which was previously found to not 
constitute an adequate written description in Fujikawa v. Wattasasin , 93 F.3d 1559 (Fed 
Cir. 1996) with appellant's disclosure of extremely specific genera of chemical species, 
i.e., those bearing acid or base responsive groups (Published Patent Application 
2004/0208922, Exhibit "F", paragraphs [0008], [0009], [0010], [0011], [0022], [0023] and 
[0024] at least and claim 1, supra) and the detailed disclosure of specific relationships 
between the pHs of the various components of the method (paragraphs listed above 
and claim 2, supra). Fijikawa simply has no bearing whatsoever on the current 
invention. 

The examiner attempts to instruct appellant on what is required of a written 
description: 

An applicant may also show that an invention is 
complete by disclosure of sufficiently detailed, relevant 
identifying characteristics which provide evidence that 
applicant was in possession of the claimed invention, i.e., 
complete or partial structure, other physical and/or chemical 
properties, functional characteristics when coupled with a 
known or disclosed correlation between function and 
structure, or some combination of such characteristics. 
(OA1, Exh. "D", OA2, Exh. "E"). 
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The examiner then argues that: 

applicant's disclosure of chemical species, an amino group, 
a amine, a drug, a first substance, and a second substance" 
does not adequately describe the claimed genera, the 
examiner stating "The mere fact that Applicant may have 
discovered one type of chemical species may be loaded into 
the lipid-like vesicles and achieve the desire (sic) stability is 
not sufficient to claim the entire genus. OA1 , OA2. 


It should first be noted that the examiner has short changed appellant's invention 
and disclosure thereof by only mentioning basic entities specifically. Appellant also 
specifically claims acidic species. Both acidic and basic species are well-described in 
the specification. For example, on page 3, paragraph [0023], it is taught that: 

The term chemical species having one or more selected acid 
or basic pH responsive groups is also used broadly to 
indicate any chemical or drug having acid or basic groups, 
properties or functions such as, but not limited to amine or 
carboxyl groups. ... The term also includes any chemical 
that has desired chemical or therapeutic properties that will 
not be sufficiently altered by the attachment of such pH 
responsive groups. ... Examples of drugs having ... basic 
properties are viscrisine, doxorubicin, streptomycin, 
chloroquine and daunorubicin. Examples of drugs ... having 
acidic properties are derivatives of methotrexate, 
daunomycin, penicillin, p-amino salicylic acid and salicylic 
acid derivatives. '922 application, Exh. "F", paragraph 
[0023]. 


What could be more clear? Any chemical species having, or that can be derivatized to 
have without altering its desirable properties, a basic or acid substituent group, is within 
the scope of the claimed invention. Appellant believes that it would be fair to take 
judicial notice of the fact that anyone who has successfully completed a fundamental 
university course in organic chemistry knows what substituent groups impart basic and 
what substituent groups impart acidic properties on a compound. Further, it might also 
be noticed that the skill level of those in the relevant art is very likely substantially higher 
than the preceding. For the purposes of this invention, the use of any such compound 
is encompassed: The claimed method as conceived and practiced by appellant is 
intended to cover such and its scope is in fact intended to be that pervasive. 
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Finally, the examiner states that: 

The written description requirement for a claimed genus may 
be satisfied through sufficient description of a representative 
number of species by actual reduction to practice ... or by 
disclosure of relevant indentifying characteristics coupled 
with a known or disclosed correlation between function and 
structure ... Eli Lilly, 119F3d at 1568... 

A "representative number of species" means that the 
species which are adequately described are representative 
of the entire species. Thus, when there is substantial 
variation within the genus, one must describe a sufficient 
variety of species to reflect the variation within the genus. 
The disclosure of only one species encompassed with a 
genus adequately describes a claim directed to that genus 
only if the disclosure "indicates that the patentee has 
invented species sufficient to constitute the genus." OA1, 
OA2, emphasis added. 
It is first noted that appellant has not "invented species." Appellant has invented 
a method of incorporating a broad spectrum of compounds into lipid-like particles and 
keeping them there for relatively lengthy periods of time. In addition, there are only two 
species: those with acid responsive groups and those with base responsive groups. 

While the examiner is correct in noting that the written description of a claimed 
species may be satisfied by sufficient examples, the statement is pregnant with other 
possbilities; i.e., it may not require any particular number of examples and in fact may 
not require examples at all. That is, the number of required exemplary species, if any, 
is determined on a case-by-case basis. In fact the Federal Circuit very recently stated, 
with regard to a patent challenged in part because its specification contained no 
working examples: 

...a patent claim is not necessarily invalid for lack of written 
description just because it is broader than the specific 
examples disclosed. Martek Biosciences v. Nutrinova , 579 
F.3d 1363 (2009) 

and then the court opined, with regard to the testimony of an expert witness: 

He relied on specific statements in the 1988 application and 
explained how, in his opinion, a person of ordinary skill in the 
art would understand those statements. Id. 
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The current specification is rife with discussion and description of what 
constitutes acid or base responsive groups ('922 application, Exh. "F", paragraph 
[0023], , what the relationship of the pHs of the various constituents of the method must 
be in order for the method to work ('922 application, Exh. "F", paragraphs [0023] - 
[0034]) and, further, provides specific examples of the incorporation of such acid or 
base species into lipid-like vesicles ('922 application, Exh. "F", Examples 1, 3, 4 and 5) 
and even provides in vivo data to demonstrate that the method as claimed is well- 
tolerated by animals ('922 application, Exh. "F", Example 2). Those of ordinary skill in 
the art would have no difficulty at all understanding the current invention and realizing 
that appellant without question had possession of the entire claimed scope at the time 
the application was filed. 

For the sake of brevity, the Board is respectfully referred to Appellant's 
responses to OA1 and OA2, which responses are attached hereto as Exhibits "G" and 
"H" of the Evidence Appendix, for additional comments as to how and why the current 
specification unquestionably meets the written description requirement of 35 U.S.C. § 
112, first paragraph. 

Claims 1-12 are patentable over Nichols, et al., Deamer, et al. or Cramer; i.e., none 
of these references renders the claimed invention obvious 

With regard to Nichols, the examiner's position is that it does teach the loading of 
an amine into a liposome using a pH gradient. This appellant does not dispute. The 
crux of the current invention, as was pointed out to the examiner on several occasions, 
is that the concentration of the loaded amine - or of any basic or acidic chemical 
substance - can be maintained in the lipid-like vesicle, i.e. liposome, for a substantial 
period of time after the pH gradient has been destroyed. This is an unexpected, 
surprising, utterly novel development that in no way could have been gleaned from 
Nichols by those skilled in the art. In fact, Nichols says nothing whatsoever about what 
happens to the loaded material after loading. 

As for Deamer, the examiner argues the it teaches a method of preparation of 
liposomes using the method of claim 1 ; that is, that Deamer loads amines by preparing 
liposomes with acid pH and titrating them with a base to create a pH gradient and 
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adding a basic amine. Again, as was the case with Nichols, at no point does Deamer 
discuss, allude to suggest or so much as tangentially hint at what happens when the pH 
gradient is destroyed and a membrane impermeable buffer has been used within the 
lipid-like vesicle. This is at the very core of the present invention and it demonstrates 
how kinetics can trump thermodynamics if the system is carefully designed as set forth 
in the current invention. 

Finally, with regard to Cramer the situation is exactly the same: Cramer is 
concerned solely with the phenomenon of pH-induced transport of carboxylic acids 
across a liposomal membrane. The only reference to elution of the incorporated 
species from the liposomes is the statement that "[T]he nonselective leakage of both 
fumaric and maleic acids depicted in Figure 4 at longer times is probably the result of 
vesicle rupture in response to the osmotic stress provided by the early selective 
transport of protonated fumaric acid." It is important to note that this phenomenon 
occurs while the pH gradient is still intact , which is diametrically opposite what occurs in 
the current invention. There is no mention of using membrane impermeable buffers or 
of what happens once the pH gradient is destroyed as is the case in the current method. 

Supplemental comments 

In addition to the arguments above addressing the examiner's specific arguments 
against patentability of the current invention, appellant offers the following comments, 
which appellant respectfully requests be considered: 

The major new elements of the current invention, none of which could be readily 
discerned from the prior art by those of ordinary skill in the art, are: 

(1) that drugs or other chemical species upon loading into lipid-like vesicles such as 
liposomes could be retained within the vesicle upon dilution into a large external volume 
as would be the case if they were injected into the body of an animal. The prior art 
merely suggested that there would be a concentration gradient across the liposome 
membrane corresponding to the driving force of electrochemical gradients, which does 
not in any manner relate to whether much larger concentration gradients could be 
maintained due to the kinetics of the release of the drug or other chemical species from 
the liposomes after dilution into a large external volume (q.v., discussion of the lacking 
elements in Nichols, Deamer and Cramer, supra). That is, under the proper conditions 
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as set forth in the current invention, kinetics play a prominent role in retention of a drug 
or other chemical species in a lipid-like vesicle as epitomized by liposomes; 

(2) that even very simple molecules like carboxylic acids (derivatized Tempamine, 
'922 application, Exh. "F", Example 3) and amines (Tempamine itself, '922 application, 
Exh. "F", Example 1) can be loaded into a lipid-like vesicle using the claimed inventive 
method and the concentration thereof in the vesicle can be maintained for a substantial 
period of time, whereas the prior art clearly teaches that the movement of such simple 
molecules across a liposomal membrane occurs very rapidly. In fact, the literature in 
general indicates that weak acids and bases can be used to study rapid trans- 
membrane ion movement occurring on a sub-second time scale in clear opposition to 
the situation in the present invention; and 

(3) that it would not generally be expected by those skilled in the art that liposomes 
having large electrochemical gradients across their membranes would be well-tolerated 
by animals upon injection. Rather, conventional wisdom at the time held that it would 
likely be that the physiological effects of endogenous amines, which control numerous 
physiological processes and whose tissue distribution could well be altered by such 
electrochemically charged liposomes, would be compromised. To the contrary, the 
current invention demonstrates (Example 2 and Example 5) that the inventive drug- 
loaded liposomes are well-tolerated in mice. 

CONCLUSION 

The examiner has failed, as a matter of law, to show that the current invention 
lacks an adequate description and/or that it is obvious over Nichols, Deamer or Cramer. 
Appellant therefore respectfully requests that the Board reverse the examiner's rejection 
and order that the application proceed to issue. 

Date: 30 November 2009 
Squire, Sanders & Dempsey L.L.P 
One Maritime Plaza, Suite 300 
San Francisco, CA 941 1 1-3492 
(415) 954-0200 



Bernard F. Rose 
Reg. No. 42,112 
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CLAIMS APPENDIX 

The claims on appeal are: 

1 . A method of loading lipid-like vesicles, comprising: 

forming lipid-like vesicles in a solution comprising an acidic buffer if the chemical 
species to be loaded is basic or a basic buffer if the chemical species to be loaded is 
acidic; wherein: 

membranes of the formed lipid-like vesicles are impermeable to the buffer; 
adjusting the pH of the solution exterior to the membranes of the lipid-like vesicles to a 
basic pH if the chemical species to be loaded is basic or to an acidic pH if the chemical 
species to be loaded is acidic; 

adding a basic chemical species to the adjusted basic exterior solution or an acidic 

chemical species to the adjusted acidic exterior solution; 

loading the chemical species into the vesicle; and 

adjusting the exterior solution to a physiologically benign pH; wherein: 

the chemical species is substantially maintained in the vesicle for at least one 

quarter hour after the adjustment of the exterior solution. 

2. A method of loading lipid-like vesicles having a membrane permeable to a 
chemical species to be loaded and for substantially maintaining the loaded chemical 
species within the vesicle for at least one-quarter hour following loading by inducing a 
pH gradient across the membrane, comprising: 

(1) incorporating within the vesicle a buffer solution buffered to a selected acid or 
alkaline pH having a selected molarity and at least one selected pKa 
approximately equal to the selected buffer pH, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species; 

(2) positioning the vesicles in a bulk solution having a selected pH; and 

(3) providing the bulk solution with a chemical species having one or more 
selected acid pH responsive groups if the buffer is alkaline or one or more basic 
pH responsive groups if the buffer is acidic wherein the pH of the bulk solution is 
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at least 0.5, 0.3 or 0.2 of a pH unit higher than the pH of the buffer if the buffer is 
acidic and the chemical species has one, two, or three or more basic pH 
responsive groups, or the pH of the bulk solution is at least 0.5, 0.3 or 0.2 of a pH 
unit lower than the pH of the buffer if the buffer is basic and the chemical species 
has one, two or three or more acid pH responsive groups, the pH responsive 
groups of the chemical species having one or more acid pH responsive groups 
have a pKa that is generally lower than or equal to the pH of the bulk solution 
and generally higher than or equal to 3.5 and the pH responsive groups of the 
chemical species having one or more basic pH responsive groups have a pKa 
that is generally higher than or equal to the pH of the bulk solution and generally 
lower than or equal to 1 1 . 

3. A method according to claim 2 wherein the pH responsive group or groups 
are acid pH responsive groups and the buffer has a pKa of about 10. 

4. A method according to claim 3 wherein the chemical species has a pKa of 
about 4-7. 

5. A method according to claim 4 wherein the pH responsive group is a 
carboxyl group. 

6. A method according to claim 2 wherein the pH responsive group or groups 
are basic pH responsive groups, and the buffer has a pKa in the range of about 5. 

7. A method according to claim 6 wherein the chemical species has a pKa 
from about 7-10. 

8. A method according to claim 7 wherein the pH responsive group is an 
amino group. 

9. A method according to claim 8 wherein the chemical species is an amine. 
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10. A method according to claim 2 wherein the vesicle is prepared in the 
buffer and incorporates the buffer via mixing and sonication. 

11. A method according to claim 2 wherein the pH of the bulk solution is about 
7.0 to about 7.8. 

12. A method according to claim 1 1 wherein the pH of the bulk solution is 
about 7.4. 

17. A kit as set forth in claim 16 wherein said chemical species is a drug. 

1 8. A kit as set forth in claim 1 7 wherein the mixture will have a pH that is 
physiologically benign in regard to the blood of a mammal. 

1 9. A kit as set forth in claim 1 8 further comprising means for parenterally 
delivering the mixture to a mammal in vivo. 

20. A kit for loading lipid-like vesicles having a membrane permeable to an 
acid or basic chemical species to be loaded comprising: 

(1) a first compartment having a first solution having membranous lipid-like 
vesicles incorporating a buffer buffered to a selected basic pH if the chemical 
species to be loaded is an acid or acid pH if the species in a base, the buffer 
having a selected pKa and a selected molarity, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species, the first solution having a selected pH such that the stability of 
the vesicle and its buffer will be maintained for a period of at least one week at 4 
°C; 

(2) a second separate compartment having a first substance which when 
combined with the first solution will adjust the pH of the first solution so as to 
provide a predetermined pH gradient between the buffer within the vesicle and 
the pH adjusted first solution; and 
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(3) a third separate compartment having a second substance which when 
combined with the pH adjusted first solution will further change the pH of said 
solution to a physiologically benign value with regard to the blood of a mammal. 

21 . A kit as set forth in claim 20 further comprising a selected chemical 
species. 

22. A kit as set forth in claim 21 wherein the selected chemical species is a 

drug. 

23. A kit as set forth in claim 22 further including a means for parentally 
delivering the vesicle solution having the physiologically benign adjusted pH to a 
mammal in vivo. 

24. A method of detoxifying an animal suffering from an overdose of a 
chemical species with basic pH responsive groups comprising injecting the animal with 
a solution having a physiologically benign pH with respect to the animal, the solution 
having large volumes of liposomes having a buffer solution buffered to a pH generally 
lower than or equal to 5.4 and the buffer having at least one selected pKa and a 
selected molarity within the physiological range of the animal the liposomes being 
substantially impermeable to the buffer for at least one hour after injection. 
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EVIDENCE APPENDIX 

Attached hereto are the following Exhibits: 

A. Nichols, et al., Catecholamine Uptake and Concentration by Liposomes 
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Liposomes were prepared with pH gradients across their membranes 
acidic in tenors with respect to the external buffer). These liposomes efficient- 
ly concentrated several catecholamines (dopamine, norepinephrine and 
epinephrine) added to the external buffer. Our observations support a mechan- 
ism which suggests that pH gradients may contribute to uptake of catechol- 
amines by sub-cellular storage sites. 


A pH gradient can profoundly influence the distribution of weak acids 
and bases across membranes. In past studies, this effect has been used to 
measure pH gradients in mitochondria [1] with a weak acid, and in 
chloroplasts [2], lysosomes [3], chromaffin granules [4] and liposomes [5] 
with amines such as methylamine and 9-aminoacridine. In the present study 
usmg liposomes as a model system, we have tested the possibility that catechol- 
amines may be concentrated by pH gradients. 

Ideally, the charged form of the amine is assumed to be unable to 
penetrate a membrane while the uncharged form can freely penetrate. For this 
reason, equal concentrations of the uncharged form of the amine will exist 
across a membrane at equilibrium, while the charged form will be distributed 
m proportion to the difference in pH. Net distribution of the amine is de- 
scribed by the relationship 

[A^]j _ K & + [H + ]j 
[^ T ]o K a +[H + ] Q 

where L4 T ] ia nd [A T ] Q are the total internal and external concentrations of 
the amine, [H ] { and [H + ] Q are the internal and external proton concentra- 
tions, and 2T a is the dissociation constant of the amine [2, 5]. It follows that a 


270 


pH gradient, acid inside, will drive accumulation of amines into the internal 
volume. We will show here that the distribution of catecholamines across 
liposome membranes maintaining a pH gradient is qualitatively similar to that 
which would be expected from the above equation. 

Liposomes were prepared by injecting 7 ml of egg phosphatidylcholine 
dissolved in ether (2 /anol/ml) into 14 ml of citrate-phosphate buffer, pH 5 0 
at 55 C. When injected under these conditions, the ether vaporizes and the 
phospholipid forms 0.05-0.2 nm diameter vesicles which efficiently trap 
buffer [6]. Liposome-buffer mixtures were filtered through a 1.2 jum millipore 
tilter to remove a small fraction of larger, multilamellar liposomes. The 
hposome-buffer mixtures were titrated with NaOH to pH 8, establishing an 
initial gradient of 3 pH units. Tritium-labelled catecholamine (epinephrine 
norepinephrine, dopamine) was then added to the liposome-buffer mixture to 
a final concentration of 10 juM (5000 cpm/0.1 ml). 2-ml aliquots of the 
liposome-buffer incubation mixture were withdrawn at timed intervals and 
filtered through a Sephadex G-50 column using a pH 8 citrate-phosphate 
buffer for elution. This procedure separated the liposomes containing catechol- 


— NH„CI added 



Under similar conditions. 


,14 — -r-'i'm™, [ njaopumine; 
I C] acetylcholine could be detected. 
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amines from free catecholamines. After 90 min, 0.1 ml of 1 M NH 4 C1 was 
added to the remaining incubation mixture and a last sample was filtered at 
120 min. Addition of NH 4 C1 destroys the pH gradient across the liposome 
membranes [5], permitting us to test for the pH dependence of any catechol- 
amine accumulation. The tritium-labelled catecholamine trapped inside the 
liposome was counted on a Beckman CPM-100 liquid scintillation counter. 
Estimates of the degree of concentration were made by comparing the uptake 
in the presence of a pH gradient with that of controls in the absence of a pH 
gradient. 

Under these conditions, we observed a remarkable accumulation of each 
of the catecholamines tested. Uptake into the liposomes occurred relatively 
slowly, and was maximal 90 min after addition of the amine. At this time we 
found concentrations of 12-fold over controls for norepinephrine. Epinephrine 
and dopamine were concentrated 18- and 23-fold respectively. In earlier experi- 
ments with Dr. Enrique Ochoa in 1975 (unpublished) we found that the indol- 
amine serotonin was concentrated 40-fold over controls. When the gradients 
were destroyed by ammonium chloride additions, the accumulated catechol- 
amines were released, demonstrating that the uptake was reversible and depen- 
dent upon pH gradients, Finally, when [ 14 C] acetylcholine was tested under 
similar conditions, no uptake was measureable. 

It should be noted that the observed accumulation, 10— 20-fold over 
controls, is only a fraction of that expected for an ideal monoamine respond- 
ing to a 3 pH unit gradient. This is probably due to decay of the pH gradient 
over time. We have measured the decay rate in this system using 9-amino- 
acridine as a A pH indicator [5, 6] and found that half the pH gradient was 
lost in 30 min, in agreement with earlier results [6]. 

It is also interesting that the uptake of the catecholamines is relatively 
slow. For instance, the monoamine 9-aminoacridine reaches equilibrium 
within seconds under similar conditions [5]. The slow uptake is probably a 
function of the hydroxyl groups on the catecholamines, which would limit 
their permeability to lipid bilayer membranes. 

These results suggest a potential role of pH gradients in the uptake and 
concentration of catecholamines by sub-cellular storage sites, as was suggested 
earlier by Johnson and Scarpa [4] for chromaffin granules. Our results are also 
consistent with Johnson and Scarpa's observation that chromaffin granules 
maintain acidic interiors (pH 5.5) with respect to a more alkaline external 
medium. 

This study was supported by N.S.F. Grant BMS 75-11133. 
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R. CROFTS 


2:^;^::^ UMy o/Bristoh msmbs8 ™ <*~***> 

(Keceived February 7th, 1972) ' 


Phospholipid liposomes were used to test ateb™ n a 
fluorescent probes for measuring pH eradLtT J t 9-ammoacridine as 

9-aminoacndine fluorescence coufd ^^t^^T" ° f 
gradients across Uposome membranes L r J , !• , he ma & nltud e of pH 

of this amine between SS^^S vim ^™ .»«k»ted that the distribution 
ideal monoamine. Quench mg of a tebrS flZ ^ WaS that ° f an 

predicted from thelheoretXl quari n TjZZ^T ^ t0 that 

-dine is the preferred fluoreslt 

-t the develop, 

mediated by a dye which accents w+ ™ JSt f\ an Nation-reduction reaction 
some rneaZ^JTl^^^f^J 96 ^ WaS es ^bhshed across fo- 
under these condit on! In second sStfnT ■* ■ ^ 4 pH UnitS COuId develo P 
for H + across the lipo some ^ZJIsZ Tt TT "ft^ ° f 


estnaat.ng p H gradients across membrane involve .ne^L^i?^ " 
he external ro.diara using a glass , lec ,rode or indicator dyeX .hf Snt ^ "I 

wmch more directly and rapidly measures pH gradients Z £ be usll & 

^ enhof7 fonnd that fluorescence of the diamine, atebrin, was quenched 
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during electron transport m chloroplast suspensions, and suggested that the quenching 
may be related to the high energy state of the chloroplasts. Rottenberg et al ' extended 
this work with atebnn and 9-aminoacridine, and proposed that the quenching mav 
depend on inward movement of the amines in response to pH gradients which develop 
across chloroplast membranes during electron transport. Rottenberg et al noted that 
fluorescence quenching may therefore be a parameter of amine uptake and calculated 
from the amine distribution that a pH gradient as large as 3.5 P H units could develop 
across the membranes of illuminated chloroplasts. 

This potentially important method has two limitations. It is not known if 
fluorescence is completely quenched by entry into membrane enclosed volumes and 
the assumption that the amines respond ideally to pH gradients across membranes is 
open to question. To test these points, we have studied the quenching of atebrin and 
9-armnoacndine fluorescence in phospholipid liposomes*, in which controlled dH 
gradients were established. In a second series of experiments, the fluorescent probes 
were used to determine whether pH gradients may be generated across liposome 
membranes by a simple electron transport system or an ion exchange mediated by the 
antibiotic nigencin. 


Egg lecithin was prepared from hens eggs by column chromatography on alu- 
mina and silicic acid. The product was chromatographically pure as judged by thin- 
layer chromatography on Silica Gel G. Dicetyl phosphate was a kind gift of Dr A 
Bangham. Bacteriochlorophyll was prepared from a methanol extract of Rhode'- 

t^°T*\i aP i S 1^ h V?* mn chromato ^ a P h y °" Whatman cellulose powder 
using 5 % diethyl ether in light petroleum. F 

Fluorescent probes 

Atebrin was purchased from Sigma, and 9-aminoacridine from Raich N 
frSiT^rm'M emWey ' ^ ^ ***** * « -tTat a coten^ 

Btt-ffers 

»riH ?irJS f0 A T i . t / h v- at J 0rganic buffers ( Tricine ' 2-(^-morphohn 0 )ethanesulphonic 
acid (MES), iV-tns(hydroxymethyI)methyl- 2 -aminoethane sulfonic acid (TES)) 
quenched 9-aminoacridine fluorescence to variable degrees, although atebrin fluores- 
cence was unaffected. To avoid the partial quenching, a buffer contaLg 0.1 M sodium 
phosphate and 0.1 M sodium pyrophosphate was used for the pH range ,otooo 
Since liposome membranes are relatively permeable to chloride*.' it was possible that 
any chloride in the medium could move with a proton and discharge pH ^ents 
Therefore buffer pH was adjusted with H 2 SO„ rather than HC1. The P H graSeTt ar e 
also sensitive to amines and care was taken that no amine compounds oL Than tl e 
fluorescent probes were inadvertently introduced into the medium. When K + an d 
Na + -free media were required, phosphoric acid was neutralized with tetrameth y l- 
ammonium hydroxide. ' 
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Liposome preparations 

Liposomes were produced by evaporating chloroform solution, nt 

A Soniprobe x^TlS^^ 

setting of 50 W. During sonication, the temperature of the somtion ose to an"™ 
mately 40 C and this presumably aided formation of ^osZZZ j TsZ 
■ experiments, sonication time was varied from o to ™ min T ', ° me 

prolonged sonication causes some degradation of phospholipid" t I ? , 
K 2 SO, All solutions included 1 mM EDTA The S ?7 ^ concentrations of 

microscopy showed . m«ed population „, iiposle ThT^o ^ trToT f'm 

Fluorescence measurements 

ntf Th 3 f ^,^ {K ° dak LW ' L ° nd0 ^ togeiherlith aC^n^Xs 
filter The photomultiplier (EMI Electronics Ltd, Hayes Middlesex A # 

ine output was fed to a recorder (Toa Polyrecorder EPR 2TR TPM cT 

RESULTS 

£#scrf ofpH 011 intrinsic fluorescence 

p 7 9 ', lnere was uttle variation m 9-aminoacridine fluorescence Ink' _ rnnl • 
.»or 8 a„,c buffers over the saroe P H ^ I, is lmportant ^^i^ 

Biochim. Biophys. Acta, 274 (1972) 323-335 


326 


D. W. DEAMER et Cll. 


ching effect of organic buffers on 9-aminoacridine fluorescence (Fig. 1). Atebrin 
fluorescence was not significantly affected by organic buffers. 

Fluorescence quenching and enhancement dependent on pH gradients 

Fig. 2 shows a typical experiment in which liposomes were added to media 
containing atebrin or 9-aminoacridine. When the liposomes contained buffers at pH 
lower than that of the medium, atebrin fluorescence was enhanced, rather than quen- 
ched (Fig. 2A). At higher lipid concentrations the enhancement may be 250%. 
Triton (0.1 mM) or NH 4 C1 (5 mM) completely reversed the enhancement. However, 
if 2 mole % bacteriochlorophyll was included in the lipid phase, quenching of fluores- 
cence occurred under the same conditions, and again the quenching was reversible 
with Triton or NH 4 C1 (Fig. 2B). Quenching of 9-aminoacridine fluorescence occurred 
both with and without bacteriochlorophyll, although there was somewhat increased 
quenching when bacteriochlorophyll was present (Figs 2C and 2D). 

The effect of a range of pH gradients on atebrin and 9-aminoacridine fluores- 
cence quenching by liposomes is shown in Fig. 3. In both cases the inner phase was 
maintained at pH 5 and the external pH was varied from 5 to 9. It is apparent that 
quenching of the fluorescence of the amines in liposome suspensions was strongly de- 
pendent on pH gradients across the liposome membrane. In the absence of bacterio- 
chlorophyll the enhancement of atebrin fluorescence was maximal at pH 6.2 (zIpH 
== 1.2), then decreased. If bacteriochlorophyll was present, the quenching curve of 
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atebrin fluorescence was similar to that of 9-aminoacridine fluorescence, but as noted 
previously 3 atebrin was more responsive to pH gradients. 
For monoamines it is possible to derive the relation 

log [f^ = " A pH(I -°> = log + 108 v { 

where V 0 fVi is the ratio of external volume to internal volume and A is the total 
amount of amine cation in the inner or outer volumes. Thus, — zlpH plotted against 
log Aj/A 0 should provide a linear relation of slope = 1.0 with an intercept equal to 
log VJVi. When pif a for the amine is much higher than the experimental pH, the 
concentration of free amine is negligible and A approximates closely to the total amine 
We have treated data from the experiments using 9-aminoacridine in this form 
assuming that Aj/A, is equivalent to 0/(loo— Q) where fluorescence in the absence of 
a pH gradient is taken as 100 and Q is the measured percent quenching. Furthermore 
we varied the volume ratios since the intercept equal to the log of the volume ratios' 
should also vary in a predictable manner. These results are shown in Fig. 4. 

In this experiment, five different liposome concentrations were used so that 
VJVi varied in a controlled manner, andzlpH was varied from 2 to 4 pH units. Since 
we do not have a precise measurement of liposome volume, we assumed that the results 
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for a liposome concentration of 0.13 mg/ml were correct. Theoretical lines with a 
slope of 1.0 and intercepts corresponding to the relative volume ratios were then 
drawn through all five sets of data. The fit of the data to the theoretical lines was 
quite good for the three higher liposome concentrations, but deviated to some extent 
from the expected lines for the lower concentrations. 

A similar experiment was carried out for two concentrations of liposomes in 
winch atebrin was the fluorescent amine. Atebrin did not behave as an ideal diamine 
(Fig. 5) since the results deviated considerably from the slope of the theoretical line 
which was drawn by graphing the logarithmic form of the distribution equation for an 
ideal diamine using the values of pK a for atebrin. 

Developing pH gradients across liposome membranes 

There are a number of methods by which one might expect to develop pH gra- 
dients across liposomes. Two of the most convenient are described here. In the first 
an oxidation-reduction reaction was established across the liposomal membrane This 
type of system has been described earlier by Hinkle 13 and Kimelberg et alM In the 
present system liposomes containing an oxidant were added to a medium containing 
a reductant. A hpid-soluble carrier molecule which acted as a hydrogen acceptor upon 
reduction was then added. The carrier would be expected to transport both protons 
and electrons inward and release protons inside following oxidation by the tranced 
couple. ^ F 

A second method involved the use of the ionophoric antibiotic, nigericin, which 




fcfn« I ° f Vary l ng PH Sr adients U P id concentration on apparent distribution of atebrin 
7^m\ ^Z mera ^ a T ne3 ' „ Same conditions as Fig. 4, but buffers ranged from pH 6 to 8 and 
4 f M atebrin was used. Lipid concentrations: »— #, 0.12 mg/ml- 0---0 o * m Li c„kj f; " 

£ S te£ e0retiCal eqUati ° n ° f * ti0n a3SUm ^ ^ ' = i°°o^ee text for 

Fig. 6. Quenching of o-aminoacridine fluorescence by liposomes containing K,Fe(CN) Lino- 
somes (L) were added to 2.5 ml of buffer solution at pH 7.0, followed by additior^ of PMS P) 
0 ? i A « K 4 Fe(CN), {F)| and 0 . r ^xri^ X . IOO (T) J. con ? en °4™n vis 

0^08 mg/ml and contamed 2 mole % bacteriochlorophyll. (a) If 4 , iM PMS was present initially 
bl Triton a M°^-« ld Ca ,T d 3 nearly COmplet6 qU6nchi ^ ° f fl «°rescence which^^ 1 
by Triton, b) Addition of ferrocyanide under the conditions of (a) produced a much smaller 
the 61 ^' (C) f Addltl °K n ° f ^ inorements ° f PM S (each addition Va/an increase X 4 S hi 
Phase Is tota PM= ; ™ t " ^ ^ ^ enchin g V»™°. followed by a slower 

phase. As total PMS concentration was increased, the rate of the slower phase also increased. 
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rotates the exchange of K + and H + across liposome membranes". If nigericin is 
added to a membrane system across which a K + gradient exists, K + exchanges with 
protons across the membranes and a pH gradient should develop. We h^ve teld 
r^XSJ * ^ SySteTO ' USing to 6 £S 

In the redox couple method ferricyanide was used as an oxidant trapoed insinV 
lluIZTrt 1 : ° r ferr ° Cyanide WaS ™ d aS a -ductanfout fd and 
K FefCN ! " ' Pr ° t0n Carder m ° leCUIe - A concentration of 0.1 M 

K s re(CN), was used and approximately 0.39 ^mole/mg Upid could be trapped in the 
hposome volume. In a typical experiment (Fig. 6A) no quenching was obse^ed until 

lat ;>; r X and E henazme m r hosuiphate (pms) ^ ^ h e ZTl 

xXnor'NH CM? " ^ r ™ d upon addition of 

Sr 6 B Tt^Z^T ^ "I " CffeCtiVe in Pr ° dUC ^ a lar ^ e hing 
(Fig. oB). If the data m Fig. 4 were used to calibrate zlpH for the lipid concentration 

across the hposome membranes when ascorbate was used as the reductant and 1 6 
units when ferrocyanide was used as a reductant eauctant, and 1.6 

PMS ^r^T^^ WWCh ?MS thC red0X reaction wasof someinterest 

™ t 5 m ' CyCUC manner ' in which case catal y«c amounts would 

promote the electron transport reaction, or it could act in a non-cyclic mannTln 
winch case the extent of the reaction would be limited by the amount of PMS present 
This was tested by titrating the quenching with small additions of PMS (Fig Tq It 
is clear that the quenching which occurs after PMS addition has both a fist and iow 
phase. The significance of this result will be discussed later 

Fta 7 R 5hin . fr ° m SeC ° n f T th ° d f ° r devel W PH gradients are shown in 
Fig 7. When liposomes were loaded with K 2 S0 4 and placed in a KMree medium 
addition o nigericin induced a rapid quenching of g-aminoacriLTuoricence 
(not shown) smular to that seen with the redox couple system. If it is assumed Sat 
nigericin mediates the neutral exchange of one l/per \ +i then a IvT^onli 



K l/K 0 


w^oa^^ 

of K + . Nigericin (l J) w a f thk added an I A ?A T", ^ ^ concentrations 
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mgencin Ai+/A 0 + = H^/H/ = Ki+/K 0 +. To test this relation, liposomes containing 
o.i M K 2 S0 4 were suspended in varying concentrations of K+ and Ai/A 0 was plotted 
against initial Ki+/K 0 + - The experimental data fit the theoretical line at values of 
Ki+/K 0 +~ 200. Above this value the amount of K t + which was lost to the medium in 
exchange for protons changed the value of K 0 + so that the equilibrium values differed 
significantly from the initial values plotted and the data deviate from the theoretical 


DISCUSSION 


Fluorescent probes which respond to pH gradients across membranes may 
be either amines or weak acids, although none of the latter have been tested as yet. 
Ideally, fluorescent probes would have the following properties: 

(1) They would be monoamines or monofunctional weak acids to simplify 
theoretical treatment. 

(2) Fluorescent quenching, by whatever mechanism, would be complete when 
the molecule entered a membrane-enclosed volume. 

(3) Intrinsic fluorescence of the probe would be independent of the composition 
of the external medium. 

(4) The probe would be capable of rapid equilibration across membranes in 
response to pH gradients. 

In the discussion to follow, we will compare atebrin and 9-aminoacridine in 
light of the above considerations. 


Measurements of quenching and estimation of A t /A 0 

When atebrin and g-aminoacridine were exposed to pigmented liposome mem- 
branes enclosing a phase at a pH lower than that of the external medium, the fluores- 
cence of the amines was quenched. In the absence of pigment, atebrin fluorescence 
was enhanced. If these changes in fluorescence were related to pH gradients, it would 1 
be expected that discharging the gradient would reverse the change. Triton X-100 is 
a non-ionic detergent which releases ion gradients by causing membranes to become 
generally permeable to ions 18 . NH 4 C1 is a monoamine which interacts with pH 
gradients according to Eqn 1 below. If present in sufficient concentration, it follows 
that NH 4 C1 and other amines would equilibrate with a pH gradient and greatly 
reduce its magnitude 17 . Addition of either Triton or NH 4 C1 reversed the fluorescence 7 
changes described above and we concluded that the changes were dependent on pH 
gradients across the liposome membranes. 

The value A]/A 0 was measured by assuming that fluorescence was completely 
quenched when atebrin or 9-aminoacridine entered a membrane-enclosed volume For 
instance, fluorescence in the presence of liposomes might be 50 arbitrary units and 
then increase to 100 units upon Triton addition. We would assume that half the amine 
had been in the liposomes, and that Ai/A 0 = 1.0. It was necessary to use the fluores- 
cence level following Triton addition as a baseline, since some of the components of 
the system (bacteriochlorophyU, ascorbate, ferricyanide) could partially quench 
fluorescence (see Fig. 2). 
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Monoamines and diamines 

9-Aminoacridine is a monoamine with pff = I0 . o (ref s) Ideallv it ^n,,w 
distnbute across membranes* according to the relation ^ 7 h ° Uld 

{AT, _ g. + [H + ] ; 

[A T ]o X. + [H + ] 0 (I) 

^TJ^ iS , th rJ + 1 al ™ ncentration of the *a is the dissociation constant of 

m+XT Tt C 1 1 C ° nCentrati0n 0f P rotons - When K & is small relative to 
[H+l this relation may be expressed in logarithmic form as 

I0g ^ + 1 °4 == - Z,PH <'- 0 > (a) 

IrlnlH° /Fl , iS V ^T e ? ° f thG 6XternaI V ° lume t0 the intemal membrane 
enclosed volume and A t and A Q are the total amine in the internal and externa' 
volumes, respective y. We could test this relation in the liposome system even 
Th^data 1 M°+^° k W6le urL ' inown ' varying zlpH for several lipid concentrations! 
The data could then be compared with theoretical lines assuming that one set of data 

T7*' '^r" Carrkd ° Ut ' We f0md t^t'-aminoacrichnete- 

havedasanidealmonoammewhenlipid concentration ranged from 0.06 to 0.24 m R /ml 
Atebrin is a diamine (pK, = 7 .g, pK, = 10.5), which should ideally distribute 
across membranes according to the relation. 

jAT, _ K x Kj + ^[H*], + [H+]| 2 

[A T ] 0 K l K 2 + K l [H + ] 0 + lH + ]o 2 &> 
For atebrin at [H+J^io- 9 , this simplifies to 
[AT, _ [H + l, 2 

[A T ] 0 X 1 [H + ] 0 + [H + ] 0 2 ( 4) 

Atebrin was tested in the liposome system bygraphingthe logarithmic form of Eqn 4 
and comparing the resulting line with actual data. Atebrin did not behave as an ideal 
daamrne and the experimental data deviated considerably from the above relation 

iuethil ITl ^J 011 13 Unkn ° Wn ' but be related t0 ^complete 

quenchmg, or the fluorescence enhancement we observed under certain conditions. 

Fluorescence quenching and enhancement 

The mechanism by which distribution of atebrin and o-aminoacridine across 
membranes alters their fluorescence is unknown. There are several possible effects 
which may contribute to the observed quenching: 

(1) Screening . If a fluorescent molecule disappears from an external volume and 
enters a volume which is shielded by a pigment layer which in turn absorbs in the 
excitation or emission wavelength, it may be imagined that some quenching of 
fluorescence may occur. Schuldiner and Avron" suggested that this may be the major 
effect when atebrin fluorescence is quenched by illuminated cbloroplasts. However it 
is not clear that the very thin layer of pigment which separates the external and int'er- 
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nal volumes in the liposome system would provide sufficient absorption to account 
for all the observed quenching. Furthermore, this mechanism certainly cannot account 
for the 9-aminoacridine quenching which does not depend on the presence of pigment. 

(2) Effect of pH on intrinsic fluorescence. Atebrin fluorescence decreases by half as 
it accepts a second proton at lower pH ranges (Fig. 1) and this may account for a 
certain amount of quenching, as will be discussed later. Quenching of 9-aminoacridine 
fluorescence cannot be accounted for in this way. 

(3) Self-quenching. Energy transfer between molecules of the same species may 
cause a decreased quantum yield of fluorescence at a specified emission wavelength. 
The extent of the self-quenching is naturally concentration dependent, and it may be 
imagined that when a fluorescent amine is concentrated within liposomes self- 
quenching may become important. It should be noted that under conditions described 
here, quite high concentrations of the amine would build up within the membrane 
enclosed volume. For instance, in Fig. 4, the apparent values for V 0 /Vi obtained from 
the intercepts of the three largest lipid concentrations are 300, 400 and 800. The amine 
concentrations inside for A)/A 0 = 1 would therefore be 0.4, 0.8 and 1.6 mM, respec- 
tively. 

(4) Interaction with other molecules. A fluorescent molecule may also lose its 
energy by interaction with other molecules. For instance, this is clearly evident in the 
quenching of 9-aminoacridine fluorescence by organic buffers (Fig. 1). A similar 
effect may contribute to quenching if the amine interacted with the components of 
liposomal or other membranes. 


Comparison of atebrin and 9-aminoacridine 

The fact that fluorescence is enhanced when atebrin is concentrated in lipo- 
somes further complicates the interpretation of results when it is used as a pH probe. 
Fig. 3 shows the enhancement effect over a range of pH.The enhancement, which was 
maximal at zIpH of 1-2 pH units, decreased at larger pH values. This may be under- 
stood from the pH dependence of intrinsic atebrin fluorescence (Fig. 1). An atebrin 
molecule at pH 8 has twice the intrinsic fluorescence that it has at pH 5-6. Thus, 
atebrin leaving an external environment at pH 8 and entering an internal volume at 
pH 5 would lose half its fluorescence, and this would overcome the enhancement 
effect. The enhancement itself may possibly result from "excimer" formation as 
atebrin becomes more concentrated 19 . 

If bacteriochlorophyll or other pigments (chlorophyll a, b and carotene) were 
included in the liposome membranes, atebrin fluorescence was quenched. The quen- 
ching was maximal at 2-3 mole % bacteriochlorophyll, but it was not certain that the 
quenching was complete even with the pigments present. 9-Aminoacridine fluorescence, 
in contrast to atebrin, was quenched in liposomes lacking pigments. This quenching was 
still incomplete, since addition of pigment produced further quenching (Fig. 2). 
Quenching of 9-aminoacridine fluorescence may be best understood as a concentration- 
dependent self-quenching, with an additional contribution to quenching by any 
pigments present in the membranes. The close fit of experimental results to the theo- 
retical lines in Fig. 4 suggests that quenching in the presence of pigment was nearly 
complete. 

We conclude that the monoamine, 9-aminoacridine, is superior to atebrin as a 
fluorescent indicator for /IpH = 2-4 units. However, its fluorescence is partially 
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quenched by organic buffers, and the method is only slightly responsive to /InH^ 
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However, since the couples were separated by proton-impermeable membranes a 
pH gradient would build up which would ultimately come to equilibrium with the 
driving force of the downhill electron transport reaction. It is difficult to calculate the 
relative concentrations at which this might occur. In one experiment the amount of 
femcyamde reacting under the usual conditions was measured in a dual wavelength 
spectrophotometer, and it was found that approximately half the ferricyanide present 
was quickly reduced. Since the original concentration of ferricyanide in the liposomes 
was 0.1 M, this would suggest that about 0.05 M protons might be produced within 
the liposomes, equivalent to pH 1.3. At pH 7 outside, a JpH of 5 pH units or more 
would result. The 9-aminoacridine method could not accurately measure a pH gra- 
dient of this magnitude, but certainly the quenching of 9-aminoacridine fluorescence 
Tuition^ 6 4 8Tadient ° f ^ leaSt 4 PH UnitS deVeIoped under the ab °ve 
If ferrocyanide was used as a reductant, rather than ascorbate the final 
equilibrium depended only on the relative concentrations of ferro- and ferricyanide 
m the system. Since the redox potential difference at the concentrations used was small 
relative to the ascorbate-ferricyanide system, one would expect a much smaller pH 
gradient to develop, and in fact the data for 9-aminoacridine quenching indicate a 
pH gradient of only 1.6 units. ' 

The liposome system offers a potential model system for studying the mechanism 
01 electron transport across membranes. For instance, the results with PMS (Fie 6C) 
suggest that there are two steps in which PMS crosses the membranes The first of 
these is the inward transport of electrons by PMS in its reduced, uncharged form and 
is quite rapid. The second is the much slower, outward diffusion of PMS+ across the 
membranes Thus, we only see a rapid development of a pH gradient if PMS is present 
m concentrations approaching the total amount of ferricyanide in the system (Fig 
bA). If smaller amounts are used, the second step becomes rate limiting (Fig 6C) 
In preliminary experiments (R.C. Prince, unpublished) other carriers such as diSnino- 
durol and dichlorophenolindophenol act at catalytic concentrations suggesting that 
both oxidized and reduced forms of these dyes readily cross the membrane. 

Proton-K+ exchange mediated by nigericin 

The pH gradient developed when K+ exchanges for protons in the liposome 
systems depends simply on the relative concentrations of K+ across the membranes as 
shown in Fig 7. Under these controlled conditions, a /IpH of 2.2 units as estimated 
from the calibration curve in Fig. 4 may be established when the expected K 1 +/K 0 + = 
200. The fact that 9-aminoacridine behaves ideally in the nigericin system is additional 
support for the conclusion that it may be used to quantitate pH gradients with con- 
siderable accuracy. 
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SUMMARY 

gradi e P Ss t0 acJ!ss S sfn 0 t ^ S M? y W3S US ^ t0 demonstrate that transmembrane pH 
INTRODUCTION 

The active transport across biological membranes of small hydrophiHc 
molecules 1s important to the metabolic and regulatory functions of the cell. 
The possible mechanisms for accomplishing this transport are quite varied. 
One of the simplest, however, utilizes a P H gradient to directly raise the 
chemical potential of a permeable form of a titratable solute on one side of 
a membrane, resulting in the passive diffusion of the solute. It is widely 
accepted that the neutral form of a molecule, such as a carboxylic acid, is 
more lipid soluble and hence more permeable than its Ionic counterparts. 
Thus, lowering the pH of a carboxylic acid solution, which is external to a 
closed vesicular membrane, should concentrate the acid in the Interior volume 
of the vesicle. An analogous mechanism has been proposed for the concentra- 


te! iminary results were reported at the 172nd American Chemical Society 
meeting, San Francisco, California, August 29- September 3, 1976 7 
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and B R wn, i 3 I i-urve A 1s taken from work reported bv L Pratt 

S^^^ro 2 ' 2 ^!? 6 ^^- 2 - 5113 ^ K« 5 f7o) B and re ar r f?o r r n a C n ed 
8.6 mM D 2 0 solution containing phosphat1dylchol1ne-cho?este?o? vesicas 


«on of catecholamines within chromaffin vesldes (1) and has led to recent 
studies of the correlation of P H gradients with transport phenomena (2). 

It is often not a simple task to quickly and accurately obtain pH and 
concentration information for solutions external and internal to vesicular 
structures less than 1000 A in diameter. High field proton NMR offers a 
means of accomplishing this for many systems. We report here an illustration 
of this fact, using the pH-induced transport across phospholipid vesicles of 
fumaric and maleic acids. These acids exhibit vinyl proton resonances which 
are resolved from vesicle absorptions and which exhibit a strong chemical 
shift dependence on pH as shown 1n Figure 1. 

MATERIALS AND METHODS 

r epa?id n t% b on?^a"inTa"lol a (^) S»5 T^* d1an1 °" ™ 

(2:1 mole ratio) suspension 1n a 0 ?FM y ^L? hOS ^ tid ^ lcho1ine - choles terol 

exterior m a^eate^ol^??o;la^%^ a ^S 1 SV^^^^1J- l^?g 2 VLfu^L 
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containing fumarate dianion (9.3 mM), NaCl (0.26 M) , and sodium 2 2-dim*thvl ? 
?J ! P «Uf«ne-5-sulfonate (4.6 #1) which served as an inEerna? Sr reference 
This solution replacement was accomplished by passing the vesicle DrewraHnn 
Z°ttl fTrat ^Stlo?™' M M P-fousl/oeen ^^^2°" 

the e ;t e P L 9 ^J e ?h t rS^ e ?h t e a ^S e t5on C oT5.4 th S Set S Kalure 
SfixEE l h ?H "" de W ! th J BrUker HX27 ° spectr ometer ^ -non? or the p5 anS 
J^^cie^repS?:"^ 3 ' 10 " 5 ^ b0th and in ™ w r ^ ° f 


the vesicle preparation. 

RESULTS 


Figure 2 presents a series of spectra observed when the external pH was 
lowered to 5.5. Lowering the outside pH serves to drive the transport of 
external fumaric acid Into the interior of the vesicles. This 1s demonstrated 
by the growth of an inside fumaric acid peak, which appears as a high field 
shoulder on the external acid resonance at 6.50 ppm. The gradual downfield 
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shift of the internal maleic acid peak from 6.0 to 6.1 ppm, 1n concert with 
the growth of the inside fumaric acid signal, indicates that fumaric acid is 
being transported with protons, resulting in the titration of maleate dianion. 
The broad appearance of the inside maleic acid signal at 1.8 and 9.5 minutes 
indicates that a range of internal pH values exists, which probably reflects 
the inhomogeneity of the vesicle preparation with respect to permeability 
and size. 

Figures 3 and 4 reveal that adjusting the outside P H to a lower value 
(4.7 compared to 5.5) results 1n a rapid and greater accumulation of internal 
fumaric acid, followed by a slow simultaneous leakage of both acids. Note 
in contrast to the case just considered, the inside fumaric acid peak in 
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Fi2UT|_£ e 3 Time variation of Internal acid concentrations for data , 


Figure 3 is clearly resolved from the outside signal in accord with the in- 
creased chemical shift dependence on pH at pH values 1eS s than 5, as shown 
in Figure 1. Figure 4 demonstrates that the pH gradient in this case drives 
the transport of 40% of the total fumaric acid. This corresponds to internal 
and external concentrations of 74 mM and 5.9 mM, respectively, if one assumes 
the internal volume of the vesicle preparation to be 5% of the total volume. 
Thus, in this Instance the pH gradient serves to concentrate fumaric acid by 
a factor of 13. 

DISCUSSION 

Fumaric and maleic acids exist as neutral molecules (H 2 A), monoanions 
(HA"), or dianions (A = ). On the basis of the passive diffusion model pre- 
sented earlier, these acids would be predicted to undergo preferential 
transport in their more lipid-soluble fully protonated forms (H 2 A). This 
would result 1n a tight coupling of proton and carboxylate transport. On 
this basis we predict that, following a pH perturbation, an equilibrium con- 
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dition, corresponding to zero net transport, should be reached where the 

internal and external H,,A activities are equal. 

Since activities in these systems are difficult to predict, we will deal 
here only with concentrations. The H 2 A concentration for dicarboxylic acids 
may be expressed as a function of total acid concentration (C,), pH , and 
Ionization constants ( K] and IC,) as shown in Equation 1. 

[H 2 A] = C T x l(f 2 ? H 

Calculation of H 2 A concentration for fumaric acid using the observed P H 
values and concentrations, corresponding to maximal internal accumulation in 
Figure 4, yields 5 x ,<T« M and 4 x TO^ M for inside and outside acid, respec- 
tively. These values are within experimental error of being equivalent and 
therefore offer direct evidence for the coupling of proton and carboxylate 
transport via the selective transport of the fully protonated acid form. 

On the basis of this coupled transport scheme, the initial rate of 
fumaric add accumulation, in the experiments we have described, should be a 
Unear function of the initial concentration of the H.A species. Since the 
concentration of H.A 1s a strong function of pH , we would expect more rapid 
inltl.1 transport in the experiment described by Figures 3 and 4, where the 
outside P H was lowered to 4.7. compared to the case in Figure 2 where the pH 
was only lowered to 5.5. On the basis of Equation 1 the concentration of H A 
» 16 times greater at P H 4.7 than at P H 5.5. Initial transport rates observed 
1n these experiments, although based on a small number of data points, are 
consistent with this factor and thus provide further support for the transport 
mechanism discussed above. 

The nonselective leakage of both fumarlc and m ale1c acids depicted in 
Figure 4 at longer times is probably the result of vesicle rupture in response 
to the osmotic stress provided by the ear,y selective transport of protonated 
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fumaric acid. This contention 1s supported by our observation of enhanced 

leakage of normally impermeant N(CH 3 )+. when H(CH 3 ) 4 C1 1s included in the 

vesicle preparation. 

The NHR spectra in this study were acquired In less than 70 seconds in 

FT mode. The spectrometer used has the capability of accumulating sequential 
spectra in a computer automated manner, thereby greatly facilitating the 
study of rapid transport phenomena. The use of other NMR kinetic procedures 
and the use of vesicles of differing size can further extend the transport 
time scales which are amenable to study. The variety of solutes yielding 
resolvable and P H sensitive resonances Is large and promises a variety of 
applications In the future. 
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Claims 1-26 are presented for examination. 

Applicants' amendment and response filed May 29, 2008 have been received 
and entered. 

Accordingly, the rejection made under 35 USC 112, second paragraph as set 
forth in the previous Office action dated November 29, 2007 at page 5 is hereby 
withdrawn because the applicants rewrote the claims for clarity. 

Accordingly, the rejections made under 35 USC 102(b) as being anticipated by 
Nichols et al., Deamer et al., and Cramer et al. as set forth in the previous Office action 
dated November 29, 2007 at pages 5-6 are hereby withdrawn because of applicants' 
remarks. 

Claims 13-15 and 24-26 are withdrawn form consideration as being drawn to 
non-elected invention (37 CFR1 .142(b)). 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1 .321 (c) or 1 .321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
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Effective January 1 , 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

Claims 16-23 are again rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-7 of U.S. Patent No. 5,762,957. 
Although the conflicting claims are not identical, they are not patentably distinct from 
each other because of record, for reason of record as set forth in the previous Office 
action dated November 29, 2007 at pages 2-3 as applied to claims 16-23 is 
MAINTAINED. 

Applicants' remarks regarding the patented application does not teach the 
impermeability of its liposome membrane to the buffer or to the selection of a first 
solution pH so as to the result in stable vesicles and buffers for at least one week; or 
specify any particular pH are not persuasive since the present application and the 
patented application are claiming the same components in both kits. Thus the two 
applications' components in their respective kits would produce the same results. Note 
in column 3, lines 13-15 of the patented application discloses the first solution has a 
selected pH such that the stability of the vesicle and its buffer will be maintained for a 
period of at least one week. 

The rejection made under obviousness-type double patenting is adhered to. 

Claims 16-23 are not allowed. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
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are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1 .321(d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1 , 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 

Claims 1-12 are again rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-9 of U.S. Patent No. 5,827,532. 
Although the conflicting claims are not identical, they are not patentably distinct from 
each other because of record, for reason of record as set forth in the previous Office 
action dated November 29, 2007 at pages 3-4 as applied to claims 1-12 is 
MAINTAINED. 

Applicants stated on page 14 of the response that a terminal disclaimer was 
submitted herewith; however, no such terminal disclaimer was submitted. 

The rejection made under obviousness-type double patenting is adhered to. 
Claims 1-12 are not allowed. 

Claim Rejections - 35 USC §112 
The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 
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Claims 1-8, 10-12 and 16-23 are rejected under 35 U.S.C. 112, first paragraph, 
as failing to comply with the written description requirement. The claim(s) contains 
subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. 

This is a written description rejection. 

A lack of adequate written description issue arises if the knowledge and level of 
skill in the art would not permit one skilled in the art to immediately envisage the product 
claimed from the disclosed process. See, e.g., Fujikawa v. Wattanasin, 93 F.3d 1559, 
1571, 39 USPQ2d 1895, 1905 (Fed. Cir. 1996) (a "laundry list" disclosure of every 
possible moiety does not constitute a written description of every species in a genus 
because it would not "reasonably lead" those skilled in the art to any particular species); 
In re Ruschig, 379 F.2d 990, 995, 154 USPQ 118, 123 (CCPA 1967). 

An applicant may also show that an invention is complete by disclosure of 
sufficiently detailed, relevant identifying characteristics which provide evidence that 
applicant was in possession of the claimed invention, i.e., complete or partial structure, 
other physical and/or chemical properties, functional characteristics when coupled with 
a known or disclosed correlation between function and structure, or some combination 
of such characteristics. 

In particular, the specification as original filed fails to provide sufficient written bases of 
any of the agents demonstrating wherein possession of use of the broad terms: a 
chemical species, an amino group, an amine, a drug, a first substance, and a 


Application/Control Number: 10/759,222 Page 6 

Art Unit: 1614 

second substance. The mere fact that Applicant may have discovered one type of 
chemical species may be loaded into the lipid-like vesicles and achieve the desire 
stability is not sufficient to claim the entire genus. 

The written description requirement for a claimed genus may be satisfied through 
sufficient description of a representative number of species by actual reduction to 
practice, reduction to drawings, or by disclosure of relevant, identifying characteristics, 
i.e., structure or other physical and/or chemical properties, by functional characteristics 
coupled with a known or disclosed correlation between function and structure, or by a 
combination of such identifying characteristics, sufficient to show the applicant was in 
possession of the claimed genus. See Eli Lilly, 119 F.3d at 1568, 43 USPQ2d at 1406. 

A "representative number of species" means that the species which are 
adequately described are representative of the entire genus. Thus, when there is 
substantial variation within the genus, one must describe a sufficient variety of species 
to reflect the variation within the genus. The disclosure of only one species 
encompassed within a genus adequately describes a claim directed to that genus only if 
the disclosure "indicates that the patentee has invented species sufficient to constitute 
the gen[us]." 

Claims 1-8, 10-12 and 16-23 are not allowed. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 1 03(c) and potential 35 U.S.C. 1 02(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claims 1-12 are again rejected under 35 U.S.C. 103(a) as being unpatentable 
over Nichols et al. or Deamer et al. or Cramer et al. 

Applicants' remarks regarding the prior art, each individual reference, do not 
teach one skilled in the chemistry art to establish a pH gradient when an internal 
medium is basic one should add an acid to the external medium are not persuasive 
since the prior art, Nichols et al., Deamer et al. and Cramer et al., does teach the 
concept of loading a chemical species into the liposomes using a pH gradient. Again, it 
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would have been obvious to one of ordinary skill in the art to load any drug with the 
expectation of similar loading since applicants have not demonstrated side-by-side 
comparison of the prior art's liposome loading versus the present application's liposome 
loading. 

The rejection made under 35 USC 103(a) is adhered to. 
Claims 1-12 are not allowed. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kevin E. Weddington whose telephone number is 
(571)272-0587. The examiner can normally be reached on 12:30 pm-9:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ardin Marschel can be reached on (571 )272-0718. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 


Kevin E. Weddington 
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Claims 1-26 are presented for examination. 

Applicants' request for reconsideration and terminal disclaimer filed January 5, 
2009 have been received and entered. 

Accordingly, the rejection made under obviousness-type double patenting over 
claims 1-9 of U. S. Patent No. 5,827,532 as set forth in the previous Office action dated 
September 5, 2008 at pages 3-4 is hereby withdrawn because the applicants filed a 
terminal disclaimer. 

Claims 13-15 and 24-26 are withdrawn from consideration as being drawn to the 
non-elected invention (37 CFR 1.142(b)). 


Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory 
obviousness-type double patenting rejection is appropriate where the conflicting claims 
are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated 
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1 .321 (c) or 1 .321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the conflicting application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a 
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with 
37 CFR 3.73(b). 
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Claims 16-23 are again rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 1-7 of U.S. Patent No. 5,762,957. 
Although the conflicting claims are not identical, they are not patentably distinct from 
each other because of record, for reason of record as set forth in the previous Office 
action dated September 5, 2008 at pages 2-3 as applied to claims 16-23 is hereby 
MAINTAINED. 

Applicants' remarks regarding the kit of the present application is different from 
the kit of the patent application are not persuasive since in the patented application in 
column 3, lines 13-15 teaches the first solution has a selected pH such that the stability 
of the vesicle and its buffer will be maintained for a period of at least one week. The 
patented application mentions that the mechanism of the present application's kit; 
therefore, this mechanism is suggested and covered by the patented application. 

The rejection made under obviousness-type double patent is adhered to. 

Claims 16-23 are not allowed. 

Claim Rejections - 35 USC §112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claims 1-8, 10-12 and 16-23 are again rejected under 35 U.S.C. 112, first 
paragraph, as failing to comply with the written description requirement. The claim(s) 
contains subject matter which was not described in the specification in such a way as to 
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reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. 
This is a written description rejection. 

A lack of adequate written description issue arises if the knowledge and level of 
skill in the art would not permit one skilled in the art to immediately envisage the product 
claimed from the disclosed process. See, e.g., Fujikawa v. Wattanasin, 93 F.3d 1559, 
1571, 39 USPQ2d 1895, 1905 (Fed. Cir. 1996) (a "laundry list" disclosure of every 
possible moiety does not constitute a written description of every species in a genus 
because it would not "reasonably lead" those skilled in the art to any particular species); 
In re Ruschig, 379 F.2d 990, 995, 154 USPQ 118, 123 (CCPA 1967). 

An applicant may also show that an invention is complete by disclosure of 
sufficiently detailed, relevant identifying characteristics which provide evidence that 
applicant was in possession of the claimed invention, i.e., complete or partial structure, 
other physical and/or chemical properties, functional characteristics when coupled with 
a known or disclosed correlation between function and structure, or some combination 
of such characteristics. 

In particular, the specification as original filed fails to provide sufficient written bases of 
any of the agents demonstrating wherein possession of use of the broad terms: a 
chemical species, an amino group, an amine, a drug, a first substance, and a 
second substance. The mere fact that Applicant may have discovered one type of 
chemical species may be loaded into the lipid-like vesicles and achieve the desired 
stability is not sufficient to claim the entire genus. 
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The written description requirement for a claimed genus may be satisfied through 
sufficient description of a representative number of species by actual reduction to 
practice, reduction to drawings, or by disclosure of relevant, identifying characteristics, 
i.e., structure or other physical and/or chemical properties, by functional characteristics 
coupled with a known or disclosed correlation between function and structure, or by a 
combination of such identifying characteristics, sufficient to show the applicant was in 
possession of the claimed genus. See Eli Lilly, 119 F.3d at 1568, 43 USPQ2d at 1406. 

A "representative number of species" means that the species which are 
adequately described are representative of the entire genus. Thus, when there is 
substantial variation within the genus, one must describe a sufficient variety of species 
to reflect the variation within the genus. The disclosure of only one species 
encompassed within a genus adequately describes a claim directed to that genus only if 
the disclosure "indicates that the patentee has invented species sufficient to constitute 
the gen[us]." 

Applicants' remarks regarding the above broad terms are supported by the 
instant specification and the applicants are not laying claim to certain chemical species, 
amines, drugs and the like are not persuasive because how does the instant invention 
works if no specific chemical species, amine, drug or the like is used to produce the 
finished product. So any chemical species can produce the instant invention. 

Claims 1-8, 10-12 and 16-23 are not allowed. 

Claim Rejections - 35 USC § 103 
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claims 1-12 are again rejected under 35 U.S.C. 103(a) as being unpatentable 
over Nichols et al., (C46 of PTO-1449), Deamer et al. (C15 of PTO-1449), or Cramer et 
al. (C7 of PTO-1449), all of record, for reasons of record as set forth in the previous 
Office action dated September 5, 2008 at pages 6-8 as applied to claims 1-12. 
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Again, applicants' remarks regarding the prior art, each individual reference, 
does not teach one skilled in the chemistry art to establish a pH gradient when an 
internal medium is basic, one should add an acid to the external medium are not 
persuasive since the prior art, Nichols et al., Deamer et al, and Cramer et al., does 
teach the concept of loading a chemical species into the liposomes using a pH gradient. 
Again, it would have been obvious to one of ordinary skill in the art to load any drug the 
expectation of similar loading since applicants have not demonstrated on the record any 
side-by-side comparison of the prior art's liposome loading versus the present 
application's liposome loading. 

The rejection made under 3 5USC 103(a) is adhered to. 

Claims 1 -1 2 are not allowed. 

Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kevin E. Weddington whose telephone number is 
(571)272-0587. The examiner can normally be reached on 12:30 pm-9.00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Ardin Marschel can be reached on (571)272-0718. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Kevin E. Weddington 
Primary Examiner 
Art Unit 1614 

/Kevin E. Weddington/ 
Primary Examiner, Art Unit 1614 
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(57) ABSTRACT 

A method for accumulating drugs or other chemicals within 
synthetic, lipid-lflx vesicles by means of a pH gradient 
imposed on the vesicles just prior to use is described. The 
method is suited for accumulating molecules with basic or 
acid moieties which are permeable to the vessels membranes 
in their uncharged form and for molecules that contain 
charge moieties that are hydrophobic ions and can therefore 
cross the vesicle membranes in their charged form. 

The method is advantageous over prior art methods for 
encapsulating biologically active materials within vesicles 
in that it achieves very high degrees of loading with simple 
procedures that are economical and require Utile technical 
expertise, furthermore kits which can be stored for pro- 
longed periods prior to use without impairment of the 
capacity to achieve drug accumulation are described. 

A related application of the method consists of using this 
technology to detoxify animals that have been exposed to 
poisons with basic, weak acid or hydrophobic charge gn mps 
within their molecular structures. 
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Oct. 21, 2004 


METHOD FOR LOADING LIPID LIKE VESICLES 
WITH DRUGS OR OTHER CHEMICALS 


ACKNOWLEDGEMENT OF GOVERNMENT 
SUPPORT 

[0001] This invention was made with Government support 
under Grant No: DE-AC03-76SF(HX)93 with the Department 
of Energy and the University of California. The Government 
has the rights in this invention. 

TECHNICAL FIELD 

[0002] The invention relates to a method tor loading 
lipid-like vesicles with a drug or other chemical species by 
establishing a preimposed pH gradient. 

BACKGROUND ART 

[0003] The use of membranous vesicles such as liposomes 
and the like as adjuvants and carriers for drugs, other 
chemicals and biologically active compounds such as anti- 
gens and antibodies is well known in the field (U.S. Pat. Nos. 
4,053,585; 4,397,846; 4,411,894; 4,427,649). 

[0004] Also, many methods exist to encapsulate the vari- 
ous drugs or other chemicals within the vesicles. U.S. Pat. 
No. 4,241,046, discloses a method for encapsulating bio- 
logically active materials within liposomes by providing a 
combination of Lipids in an organic solvent and an aqueous 
mixture of the material for encapsulation, emulsifying the 
provided mixture, removing the organic solvent, and sus- 
pending the resulting gel in water. The biologically active 
material is encapsulated by being processed with the lipo- 
some during preparation of the liposome. 

[0005] U.S. Pat. No. 3,804,776 discloses a method for 
producing oil and fat encapsulated amino acids or polypep- 
tides by dispersion. Powders of the material desired to be 
encapsulated are combined in a molten mixture of the lipid 
material. Thereafter the molten mixture is poured into water. 
This method of encapsulation, however, only allows for oral 
administration of the encapsulated material, since the drop- 
lets of lipids enclosing the encapsulated material are loo 
large to be delivered parenterally. 

[0006] Most of the other known methods also involve 
encapsulating the desired drug or other chemical during the 
synthesis of the liposomes (Papahadjopoulos, et al., Bio- 
chim., Biophys. Acta, 135:639 (1967); Bangham et al., J. 
Mol. Biol, 12:238-2S2 (1965); and Bapzri and Korn, Bio- 
chim., Biophys. Acta, 298:1015 (1973)). All of the methods 
described, either employ laborious procedures requiring 
skill and training or the use of sophisticated and expensive 
equipment, have a low efficiency of encapsulation or low 
encapsulation rate or involve encapsulating the drug simul- 
taneously with the preparation of the vesicle, thereby invok- 
ing possible leakage of the encapsulated chemical. Also 
these methods leave a substantial portion of the substance 
sequestered outside of the vesicle since at best only 50% 
enclosed volumes of the encapsulated material relative to 
total volumes of the vesicles have been reported. These 
methods therefore require that expensive drugs used for 
encapsulation be recovered from the drug solution in which 
the vesicles were prepared. The prior art field of encapsu- 
lation methods thus has a number of very serious problems 


DISCLOSURE OF INVENTION 

[0007] The present invention is directed to overcoming 
one or more of the problems as set forth above. 

[0008] In accordance with an embodiment of the present 
invention, a method is set out for loading lipid-like vesicles 
having a membrane permeable to a chemical species to be 
loaded from a loading solution wherein the concentration of 
the loaded chemica I species within the vesicle is greater than 
the concentration of the chemical species in the loading 
solution and the loaded chemical specimens can be substan- 
tially maintained within the vesicle for at least one-quarter 
hour following loading. The method comprises inducing a 
pH gradient across the vesicle membrane while the vesicle 
is in the loading solution containing the chemical species 
with the pH gradient having been selected to drive the 
chemical species into the vesicles. 

[0009] In accordance with a second aspect of the present 
invention, a method is set out for loading lipid-like vesicles 
having a membrane permeable to a chemical species to be 
loaded and having the capability to maintain the loaded 
chemical species within the vesicle for at least one-quarter 
hour following loading by inducing a pH gradient across the 
membrane. The method comprises incorporating within the 
vesicle a buffer solution buffered to a selected acid or 
alkaline pH and having a selected molarity and at least one 
selected pKa approximately equal to the selected buffer pH. 
The membrane is substantially impermeable to the buffer for 
at least one-quarter hour following loading of the chemical 
species and the vesicles are positioned in a bulk solution 
having a selected pH. The term "solution" is sometimes used 
loosely in the application to indicate a suspension in 
instances where lipid-like vesicles are present (i.e. sus- 
pended) in a solution. 

[0010] The bulk solution is provided with a chemical 
species which has one or more selected acid pH responsive 
groups (i.e. groups which titrate as a function of pH by 
losing a negative charge upon being prolonated) if the buffer 
is alkaline or one or more basic pH responsive groups (i.e. 
groups which titrate as a function of pH by becoming 
positively charged upon being protonated) if the buffer is 
acidic. The pll of the bulk solution is respectively at least 
0.5, 0.3 or 0.2 of a pH unit higher than the pH of the buffer 
if the buffer is acidic and the chemical species has respec- 
tively one, two, or three or more basic pH responsive groups. 
The pH of the bulk solution is at least respectively 0.5, 0.3 
or 0.2 f a pH unit lower than th pH of the buffer if th buffer 
is basic and th chemical species has respectively one, two, 
or three or more acid pH responsive groups 

[0011] The pH responsive groups of the chemical species 
having one or more acid pH responsive groups have a pKa 
that is generally lower than or equal to the pH of the bulk 
solution and generally higher than or equal to 3.5 and the pH 
responsive groups of the chemical species having one or 
more basic pH responsive groups have a pH that is generally 
higher than or equal to the pH of the bulk solution and 
generally lower than or equal to 11. 

[0012] In accordance with a third aspect of the present 
invention, a pharmaceutical preparation for administration 
in vivo to an animal is provided by the method of encap- 
sulation described above. The chemical species in this 
instance is a drug. The osmolarity of the buffer within the 
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vesicles is within the physiological range of the animal, the 
vesicles are suspended for administration in the bulk solu- 
tion, and the pH of the bulk solution is physiologically 
benign. 

[0013] In accordance with another aspect of the present 
invention, a kit is provided for loading lipid-like vesicles 
that have a membrane permeable to the chemical species to 
be loaded. The kit comprises a first compartment that has a 
first solution. The first solution has lipid-like vesicles incor- 
porating a buffer buffered to a selected acid or basic pH. The 
buffer has at least one selected pKa approximately equal to 
the selected buffer pH and a selected molarity and cannot 
substantially permeate the vesicle for at least one-quarter 
hour following loading of the chemical species. The first 
solution also has a selected pH such that the stability of the 
vesicle and its buffer will be sustained for a period of at least 
one week at 4° C. The kit also comprises a second com- 
partment, separate from the first compartment. The second 
compartment has a second solution that has a selected pH. 
Also included in the kit is a chemical species permeable to 
the vesicle. The chemical species has one or more selected 
acid pH responsive groups having selected pKas if the buffer 
is basic or one or more basic pH responsive groups having 
selected pKas if the buffer is acidic. The pH of the second 
solution is such that a mixture of the first and second 
solution will have a pH at least respectively 0.5, 0.3 or 0.2 
of a pH unit higher than the pH of the buffer if the buffer is 

three or more basic pH responsive groups or a pH al least 
respectively 0.5, 0.3 or 0.2 of a pH unit lower than the pH 
of the buffer if the buffer is basic and the chemical species 
has respectively one, two or three or more acid pH respon- 
sive groups. The pH responsive groups of the chemical 
species having one or more acid pH responsive groups have 
a pKa that is generally lower than or equal to the pH of a 
mixture of the first and second solutions and generally 
higher than or equal to 3.5. The pH responsive groups of the 
chemical species having one or more basic pH responsive 
groups have a pKa that is generally higher than or equal to 
the pH of a mixture of the first and second solutions and 
generally lower than or equal to 11. The chemical species is 
initially present in either one or the other of the two 
solutions. 

[0014] In accordance with still another aspect of the 
present invention, another kit is provided for loading lipid- 
like vesicles having a membrane permeable to a chemical 
species to be loaded, the chemical species having acid or 
basic pH responsive groups. The kit comprises a first com- 
partment that has a first solution having membranous lipid 
vesicles incorporating a buffer buffered to a selected alkaline 
pH if the chemical species to be loaded has acid pH 
responsive group or a selected acid pH if the chemical 
species has basic pH responsive groups. The buffer has at 
least one selected pKa approximately equal to the selected 
buffer pH, a selected molarity and cannot substantially 
permeate the vesicle membrane for at least one-quarter hour 
following loading of the chemical species. The first solution 
has a selected pH such that the stability of the vesicle and its 
buffer will be maintained for a period of at least one week 
at 4° C. 

[0015] The kit further comprises a second separate com- 
partment having a first substance (a compound or a second 
solution etc.) which when combined with the first solution 


will adjust the pH of the first solution so as to provide a 
predetermined pH gradient between the buffer within the 
vesicle and the pH adjusted first solution that will drive the 
chemical species into the vesicles. The kit also includes a 
third separate compartment having a second substance (yet 
another compound or a third solution etc.) which when 
combined with the pH adjusted first solution will further 
change the pH of said pH adjusted first solution to a value 
physiologically benign with regard to the blood of a mam- 

[0016] In accordance with still another aspect of the 
present invention, a method is provided for detoxifying an 
animal suffering from an overdose of a chemical species 
permeable to liposomes, the chemical species having basic 
or acid pH responsive groups (functions). The method 
comprises injecting the animal with a substantially physi- 
ologically benign solution having large volumes of lipo- 
somes having a buffer solution buffered to a pH generally 
lower than or equal to 5.4 if the chemical species' functions 
are basic pH responsive groups (amine, etc.) and a pH 
generally higher than or equal to 9.4 if the functions of the 
chemical species are acid pH responsive groups (carboxyl, 
etc.). The buffer also has a selected molarity within the 
physiological range of the animal and a selected pKa. The 
buffer also should not substantially permeate the vesicles for 
at least one hour after injection. 

[0017] In accordance with a still further aspect of the 
present invention, a method is set forth for loading lipid-like 
vesicles having a membrane permeable to a chemical spe- 
cies to be loaded and for substantially maintaining the 
loaded chemical species within the vesicle for at least 
one-quarter hour following loading by inducing a pH gra- 
dient across the membrane. The method comprises incorpo- 
rating within the vesicle a buffer solution buffered to a 
selected acid or alkaline pH and having a selected molarity 
at least one selected pKa approximately equal to the selected 
pH. The membrane is substantially impermeable to the 
buffer for at least one-quarter hour following loading. The 
vesicles are positioned in a bulk solution having a selected 
pH of either 0.5 to 3 pH units lower or higher than the pH 
of the buffer thereby establishing a transmembrane electrical 
potential. The inside of the vesicle will be positively charged 
if the pH outside the vesicle is more acid than inside or the 
inside of the vesicle will be negatively charged if the pH 
outside the vesicle is more basic than inside. The bulk 
solution is provided with a chemical species having mem- 
brane-permeable negatively charged ions if the membrane 
charge within the vesicle is positive or membrane-permeable 
positively charged ions if the membrane charge within the 
vesicle is negative. 

[0018] When operating in accordance with the various 
embodiments of the present invention, vesicles such as 
liposomes can be loaded with drugs or other chemicals by an 
untrained person who simply reads some accompanying 
instructions. Not only will the chemicals be encapsulated 
with a high degree of loading (since the concentration of the 
chemical in the vesicle is practically independent of the 
concentration of the chemical in the solution used to prepare 
the vesicles or the concentration of the chemical in the 
solution containing the vesicles), thereby allowing for maxi- 
mum concentration of scarce and expensive chemicals, but 
the encapsulation can be done quickly and easily. Also, fear 
of degradation of the vesicles and leakage of the chemicals 
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prior to administration need not be a concern, since the 
chemicals are easily encapsulated in the vesicles usually just 
before use, and the vesicles containing the chemical can be 
immediately delivered without further purification or other 
treatment provided the solution containing the loaded 
vesicles is physiologically benign. Drugs that have deloteri- 
ous general effects such as chemotherapeutic or immuno- 
suppressant drugs may be encapsulated in this manner and 
used to treat specific tissues or calls. Because of the high rate 
of encapsulation and the efficiency of encapsulation, con- 
cern over the expense and scarcity of the chemotherapeutic 
drugs no longer need be as great since only insignificant 
quantities of the drug will rein in the loading solution 
following vesicle preparation. Drugs encapsulated in this 
manner are sequestered within the vesicles (e.g., liposomes) 
until they reach the desired target tissue and are released 
when the membrane starts to break down and the drug 
begins to leak at the site of the desired tissue. (A process 
usually caused by lysosomal activity.) 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] FIG. 1 illustrates an elevational view of an 
embodiment of the invention as contemplated herein. 

[0020] FIG. 2 illustrates an elevational view of another 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] In accordance with aspects of the present inven- 
tion, a method and kits are provided for quickly and effi- 
ciently loading vesicles have a membrane permeable to a 
chemical species having one or more selected acid pH 
responsive groups or basic pH responsive groups by induc- 
ing a pll gradient across the membrane of the vesicle. The 
vesicles contain a buffer solution buffered to a selected acid 
pH if the pH responsive groups of the chemical species are 
basic or an basic pH if the pH responsive groups of the 
chemical species or drug are acid. 

[0022] The movement of many molecules across a vesicle 
membrane involves proton gradients (pH gradients) as the 
driving force (Rottenberg, H., "The Measurement of Mem- 
bran Potential and A pH in Cells Organelles, and Vesicles", 
Meth. Enzymol, 55:547-569 (1979), Reinhold, L. and A. 
Kaplan, "Membrane Transport f Sugars and Amino Acids", 
Ann. Rev. Plant Physiol, 35:45-83 (1984)). Electron spin 
residence (ESR) methods have been used to measure trans- 
membrane pH gradients. Spin-labelled amines and carboxy- 
lic acids (amines and acids labelled with nitroxide free 
radicals) such as Tempamine and Tempacid have been used 
as probes to measure the pH gradient. Those probes are 
freely permeable to the membranes and the relative concen- 
tration of the probes within the vesicles provided a direct 
measurement of the pH gradient. ESR spectroscopy moni- 
tors probe partitioning between the aqueous and membrane 
phases giving easily resolvable signals. The effectiveness of 
the spin labelled nitroxide probes for determining transmem- 
brane pH gradients has been well documented in both 
bacterial and animal systems. (Mehlhorn, R. and I. Probst, 
Meth. Enzymol, 88:334-344 (1982) and Melandri, B., R. 
Mahlhorn, and L. Packer, "Light-Induce Proton Gradients 
and Internal Volumes and Chromaphores of 
Rhodopseudomonas Spheaeroides", Arch. Biochem. Bio- 


phys., 235:97-105 (1984). However, in these previous stud- 
ies these pH responsive molecules (spin labelled amines and 
weak acids) were used only as probes. Since these studies 
involved the determination of transmembrane pH gradients 
only very low concentrations of the pH-responsive mol- 
ecules could be used so as to avoid disturbing the pH 
gradient being studied which was generated as a result of 
natural processes, e.g., the so-called proton-motive force in 
mitochondrial respiration. 

[0023] Before going into a more detailed-explanation of 
the invention it will be useful to define some of the terms 
which are used herein. The term "lipid-like" is used broadly 
and includes oligolamellar lipid vesicles (liposomes), ufa- 
somes and the like. The term chemical species having one or 
more selected acid or basic pH responsive groups is also 
used broadly to indicate any chemical or drug having acid or 
basic groups, properties or functions such as, but not limited 
to amine or carboxyl groups. Other substances such as 
imidazoles and barbituric acid derivatives may also be used. 
The term also includes any chemical that has desired chemi- 
cal or therapeutic properties that will not be sufficiently 
altered by the attachment of such pH responsive groups. The 
terms "hydrophobic positively and negatively charged ions" 
include delocalized (i.e. membrane-permeable) cations and 
anions that are designated as hydrophobic ions in the litera- 
ture and are ions that are capable of transmembrane migra- 
tion in their charged form. The terms chemical species and 
"drugs" include but are not limited to, such substances as 
chemicals, drugs for chemotherapy and immunosuppres- 
sion, membrane permeable peptide toxins and hormones. 
Examples of drugs having molecules having basic properties 
are vincristine, doxorubicin, streptomycin, chloroquine and 
daunorubicin. Examples of drugs having molecules having 
acidic properties are derivatives of methotrexate, daunomy- 
cin, penicillin, p-amino salicylic acid and salicylic acid 
derivatives. Examples of drugs having hydrophobic ions are 
ellipticinium chloride, the antihelminthics, gentian violet 
and pyrvinium, pamoate and other cyanine dyes and the 
antimalarial drug pamaguine. 

[0024] The preferred vehicle for delivering drugs or 
chemicals to an animal in vivo are liposomes but other 
lipid-like vesicles may also be used. General liposomal 
preparation has been fully disclosed in the literature (e.g. 
Miyamoto, V. K. and W. Stoeckenius, "Preparation and 
Characteristics of Lipid Vesicles,"/. Membrane Biol, 4:252- 
269 (1971) and U.S. Pat. No. 4,053,585). A simple highly 
effective preferred method for preparing vesicles is to stir 
soybean phosphatides (Asolectin, from Associated Concen- 
trates) at room temperature for one-hour in either acidic or 
alkaline buffer and then to briefly sonicate this solution of 
lipids (approximately one minute). This procedure makes 
vesicles having large volumes of about 10 to 15 percent of 
the total aqueous volume within the vesicle. 

[0025] The method and the kits utilize a preimposed pH 
gradient between the buffer in the vesicles and the solution 
containing the vesicles to cause the desired chemical or drug 
to be accumulated and encapsulated by the vesicles. Th 
general rule is that for every unit of pH difference a tenfold 
accumulation of the chemical occurs. For drugs containing 
several titratable groups the accumulation behavior is 
altered. Thus a drug which has two amino groups, having 
pKa's that are greater than the pH of the final solution, can 
be accumulated a hundred-fold with a pH gradient of one 
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unit. A drug with three such amino groups can be accumu- 
lated a thousand-fold in the presence of a one-unit pH 
gradient, etc. Conversely for a multi-acid drug, its pKa must 
be less than the pH of the final solution, for such substantial 

[0026] The chemicals or drugs that say be incorporated 
using the present method of encapsulation include those 
species that have acid or basic pH responsive groups, 
hydrophobic delocalized charged ions or that Ray be pro- 
vided with such. The vesicle is prepared by the entrapment 
of a buffer which will not permeate the membrane in the 
preparation of the vesicle. The buffer is selected so as to 
establish the pH gradient required to take up the specific 
chemical species or drug. The preparation of the vesicle is 
carried out by stirring and sonication. If the vesicles are to 
be administered, parenternally, in the solution that provides 
the external portion of the pH gradient, they are prepared in 
a buffer that is either more acidic or more alkaline than the 
physiological pH that they will encounter in the animal. 
[0027] Subsequently the vesicles are treated with an alka- 
line or acid buffer, respectively, which will not permeate the 
vesicles membrane, thereby causing a pH change on the 
exterior but not interior of the vesicles. The resulting 
vesicles will therefore have a pH gradient between their 
interior and exterior. This gradient provides the driving force 
for accumulating the drug or chemical within th vesicle 
interior. As stated before, the larger the pH gradient, the 
larger the concentration gradient of the drug or chemical. 
Although a gradient of any magnitude will accumulate a 
drug, considerations of directing the drug to .specific tissues, 
while minimizing its effects on non-targeted tissues dictate 
that the pH gradients be maximized. 

[0028] The practical limits of the pH gradients are set by 
the tolerance of lipid-like material that is used in preparing 
the vesicles, for simple biological lipids like soybean phos- 
phatides pH extremes of 4 and about 10.5 are readily 
tolerated for extended periods of time. The actual pH limits 
for a particular preparation of vesicles could be significantly 
larger, depending on how long the vesicles are to be stored 
which in turn depends on the stability of their lipid-like 
constitutents. For example, vesicles to be loaded with 
amines are prepared in the presence of an acidic buffer such 
as citrate that has a pKa in the range of interest (usually 
about 5) and a pH of 4. This treatment ensures that the buffer 
will be contained within the liposome. Similarly, in cases 
where the liposomes are to be loaded with acidic molecules 
(carboxyl groups), the liposomes are prepared by sonication 
in the presence of a impermeable alkaline buffer that has a 
pKa of about 10. 

[0029] Examples of appropriate acidic buffers other lhan 
citrate are tartrate or succinate. Appropriate alkaline butter 
include besides carbonate lysine, lysine/phosphate and 
TAPS (obtainable from SIGMA). The buffer may not be 
permeable to the membrane therefore buffers such as TRIS 
say not be used. In addition the buffer should be chloride free 
since chloride promotes gradient decay (the effect of physi- 
ological chloride on decay is minimal). 

[0030] After the vesicle has been prepared, the pH of the 
solution containing the vesicle is usually adjusted by the 
addition of an acid or a base to a pH of, respectively, at least 
about 0.5, 0.3 or 0.2 pH units higher than the pH of the buffer 
if the buffer is acidic and the chemical species has respec- 


tively one, two or three remove basic pH responsive groups 
and at least about 0.5, 0.3 or 0.2 pH units lower than the pH 
of the buffer if the buffer is basic and the chemical species 
has respectively one, two or three or more acid pH respon- 
sive groups. In instances where it is desirable to inject the 
animal immediately with the vesicle containing solution 
having the adjusted pH, the pH is adjusted to a physiologi- 
cally benign value of between about 7 and about 7.8, 
preferably about 7.4. This adjustment of the pH by addition 
of an acid or base establishes a pH gradient that drives the 
weak acid or base (i.e., the chemical species), into the 
vesicle interior. The chemical's loading rate will depend on 
the pKa and will be complete within less than a minute for 
low molecular weight (MW less than 500) amine chemicals 
with pKas less than 10 and having no charge or strongly 
polar groups other than the amino group. Analogously, weak 
acids having pKas greater than 4 will accumulate in the 
liposomes in about one minute, unless they bear strongly 
polar groups other than their carboxyls. For simple Amine 
chemicals having a pKa greater than 11 equilibration will be 
slower than one minute. Analogously, a simple weak acid 
having a pKa lower than 4 will require more than one minute 
for equilibration. For more polar compounds, equilibration 
rates have to be determined for the specific chemicals. 

[0031] The membrane of the vesicle is impermeable to the 
passage of the buffer molecules throughout a ps range o! 
3-11. The same membrane is permeable to a chemical 
species which has a pKa greater than about 4 pKa units, 
generally 5-7 pKa units, because of the significant chemical 
potential driving the species across the membrane. 

[0032] Chemicals which do not contain amino groups or 
equivalent basic groups or carboxyl or equivalent acid 
groups are first converted to a derivative containing either an 
acid or a base moiety that will not seriously reduce the 
drug's therapeutic effect. In some instances it is desirable to 
prepare pro-drug moieties which will be converted into their 
desired active species by intracellular enzymes. Converting 
methotrexate to its monoester derivative as described in 
Example 4 is an example of such a pro-drug. 

[0033] After incorporation the chemical will remain in the 
vesicle for fifteen minutes to several hours depending on the 
chemicals, until the buffer leaks out of the vesicle. One 
should be aware that decay of the initial drug content may 
occur because of dilution of the water volume outside of the 
vesicles when they are injected into an animal. This decay F 
generally occur such more slowly than the initial loading 
process because of favorable effects of the pH gradient on 
the vectorial movement of the drug across the vesicle 
membrane. This insures that a drug will reach its targeted 
tissue before significant leakage out of the vesicles can 
occur. This time period of usually several hours allows the 
chemical or drug to be carried to its desired destination and 
prevents it from acting in areas that would be deleterious to 
the animal. 

[0034] This technique of incorporating a chemical species 
within a lipid-like vesicle containing a preselected buffer by 
means of a pH gradient can be used to rescue clinical 
patients who have received toxic overdoses of drugs having 
acid or basic pH responsive groups (amino or carboxyl 
functions, etc.). Such drugs include a host of molecules such 
as general anesthestics, barbiturates (weak acids), aspirin, 
and other salicylates (acids) for which antidotes are not 
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available. Injections of large volumes of the lipsomes sus- 
pended in a solution having a physiologically benign pH 
(usually about 7.4) can divert the drugs from their normal 
biological targets such as nerve calls to the liver where they 
will be metabolized and henced detoxified. For some drugs 
like aspiring where elimation from the body does not 
involve significant liver metabolism, liposome injection 
would nevertheless provide a means for diminishing the 
toxic effect of the drug by reducing high blood concentra- 
tions during the initial phase of intoxication. The liposomes 
containing the toxin say also be removed by means of 
dialysis. 

[0035] The kits, as described above, also utilizes a pH 
gradient to load lipid-like vesicles. Referring now to FIG. 1, 
it will be noted that the kit apparatus illustrated comprises a 
syringe (10) having a glass, plastic, etc. barrel (9) having a 
first compartment (12), having a first solution (13) and a 
second compartment (14) having a second solution (15). The 
first compartment (12) is separate from the second compart- 
ment (14) by an impermeable barrier (16) made of rubber, 
plastic or the like. The syringe (10) also comprises a plunger 

(18) and a needle (20). The needle is surrounded by a 
protective sheath (21). The first solution (13) contains the 
membranous vesicles (22) magnified in size in FIG. 1 so as 
to be visible, containing a buffer (24) having either an acid 
or alkaline pH. In most instances the buffer (24) and the first 
solution (13) will be identical with the vesicles (22) having 
been prepared in the first solution (13). 

[0036] The syringe (10) also eontains the chemical (11) to 
be loaded. The chemical (11) is present in t(ie solution which 
affords it the greatest stability and may therefore be in either 
the first or second solution (13, 15) depending upon the 
properties of the chemical and the solutions. For purposes of 
illustration, the chemical (11) in FIG. 1 is located in the first 
solution (13). The second solution (15) is an acid if the 
buffer (24) inside the vesicles (22) is a base and a base if the 
buffer (24) inside the vesicles (22) is acidic. The second 
solution (15) has a pH such that a mixture of said first and 
second solutions (13, 15) will have a pH, respectively, of at 
least about 0.5, 0.3 or 0.2 pH units higher than the buffer (24) 
if the buffer (24) is acidic and the chemical (11) has 
respectively one, two or three or more basic pH responsive 
groups and at least about 0.5, 0.3, or 0.2 pH units lower than 
the pH of the buffer (24) if the buffer (24) is basic and the 
chemical (11) has respectively, on, two or three or more acid 
pH responsive groups. To encapsulate the chemical (11) 
within the vesicles (22), the syringe (10) is turned with the 
needle (20) facing upwards (the opposite direction from 
FIG. 1) and the plunger (18) is forced upward just enough 
to create enough pressure to break the barrier (16). The 
barrier may also be broken by a sharp implement (19) 
attached to the plunger (18). In this instance the implement 

(19) is prevented from damaging the barrel (9) by a stop 
(23). The volume of the second solution (15) in the second 
compartment (14) should be such that when the barrier (16) 
is broken only a minimal amount of solution will enter the 
needle (20). Once the barrier (16) is broken the plunger (18) 
is withdrawn to around its initial position at the top of the 
first compartment (12). The syringe (10) is then agitated and 
the two solutions are allowed to mix for an appropriate 
period of time. If the resulting pH of the mixture of the first 
and second solutions (13, 15) is physiologically benign the 
entire mixture including the vesicles (22) containing the now 
encapsulated chemical species may be injected directly into 


an animal. For facilitation in operating the plunger (18) the 
syringe may have a block (26) at the bottom of the barrel (9) 
with an air hole (28). 

[0037] FIG. 2 illustrates another embodiment of the 
invention. This embodiment in better understood by way of 
reference to FIG. 1 of the drawings whereas like numbers in 
FIGS. 1 and 2 refer to like parts. In this instance, the barrel 
(9) has only one compartment (12) containing a solution 
(13) having vesicles (22) containing the buffer (24). To 
encapsulate the chemical (11) which Lay or may not be 
included with the kit but which for purposes this illustration 
is included in the first solution (13), the contents of the 
syringe (10) are emptied into a first vial (30). The first vial 
(30) may be composed of glass, plastic or the like. The 
contents of the barrel (9) are emptied into the first vial (30) 
by piercing the rubber septum (32) with the needle (20) and 
pushing the plunger (18) downward. The rubber septum (32) 
is kept in place by a retaining clip (34). The first vial (30) 
also contains a second solution (15) which is an acid if the 
buffer (24) is a base and a base if the buffer (24) is acidic. 
The second solution (15) has a pH such that mixture of said 
first and second solutions (13, 15) will have a pH respec- 
tively of at least about 0.5, 0.3 or 0.2 pH units higher than 
the buffer (24) if the buffer (24) is acidic and the chemical 
(11) has respectively one, two, or three or more basic pH 
responsive groups and at least about 0.5, 0.3 or 0.2 pH units 
lover than the pH of the buffer (24) if the buffer (24) is basic 
anil l he chemical species has respectively, one. two, or three 
or more acid pH responsive groups. The first solution (13) 
and the second solution (15) are allowed to mix to encap- 
sulate the chemical (11) and the syringe (10) is refilled and 
emptied several times. The procedure described above is 
repeated for a second vial (34). The second vial contains a 
third solution (36) which is acid if the combination of the 
first and second solution (13, 15) is basic and basic if the 
combination is acid. In addition the pH of the third solution 
(36) has been calculated so as to render the mixture of all 
three solutions physiologically benign with regard to the 
blood of a mammal. 

EXAMPLE 1 

[0038] Liposomes of soybean lipids were prepared 
according to a variation of Miyamoto and Stoeckenius, 
supra by sonication of 1 gm of asolectin in the presence of 
10 mis of 100 mM sodium citrate at pH 5.0. Spin-labeled 
primary amine Tempamine (Aldrich Chemical Co.) was 
added to 50 fiM citrate solution containing the pre-sonicated 
vesicles to give a final concentration of 20 fiM, and a 
sufficient amount of 5 molar sodium hydroxide was also 
added to the solution to raise the pH of the solution to 7.4. 
This resulted in a 300-fold accumulation of the Tempamine 
inside the vesicles within one minute of the addition of the 
base. The rate of uptake of the amino depends on the pKa of 
the amino. As determined by ESR spectroscopy the resulting 
pH gradient was stable for several hours. 

EXAMPLE 2 

[0039] Liposomes were prepared by sonicating 0.5 grams 
of asolectin in 10 mis of 100 mM sodium citrate buffer, pH 
4. An amount of 542 microliters of five normal sodium 
hydroxide was added. This raised the pH of the bulk solution 
containing the liposomes to 7.4. An intravenous catheter 
system consisting of a 27-gauge needle, connected to a 1.0 
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ml syringe by 4 inches of PE20 (polyethylene) plastic tubing 
was used for the infusion of the liposome suspension into the 
lateral tail veins of two female Wistar rats, 250 grams each. 
The liposome suspension was infused into the rats at a rate 
of about 0.2 mis per minute until a total volume of 0.7 mis 
had been infused. The rats appeared somewhat disoriented 
upon completion of the infusion, and release from the 
restraining cones, but otherwise none the worse from the 
experience. One hour later the animals were examined and 
were completely normal in appearance, and after one week's 
observation, no long-term effects of the infusion could be 
detected. 

EXAMPLE 3 

[0040] Lipid vesicles, containing 15 mg/ml of Sigma Type 
II-S phosphatidyl choline were prepared by sonication in a 
120 mM lysine/phosphate buffer (chloride-free) at pH 10.5. 
The total sonication time was three minutes, with intermit- 
tent cooling. The vesicles were incubated for two minutes 
with 20 juM of a spin-labeled carboxylic acid, prepared by 
reacting 1M succinic anhydride with one equivalent of 
Tcmpaminc in choloroform, in the presence of a sufficient 
amount of a 100 mM citric acid to lower the external pH to 
6 (approximately 1 volume equivalent). Analysis of the 
intravesicular concentration of the spin-labeled acid by ESR 
spectroscopy revealed that a more than 1,000- fold increase 
had occurred in response to the imposed pH gradient. 

[0041] The vesicles were then transferred into a piece of 
dialysis tubing that had been spread into a flattened geom- 
etry lo minimize I lie dill'usion path of internal molecules to 
its surface. When the dialysis tubing was placed in a large 
volumes of phosphate buffer in isotonic saline solution, this 
system simulated the physiological situation that would 
arise when vesicles are injected into the blood, where 
dilution of the drug outside the vesicles would occur as the 
vesicles moved through the circulation. When the tubing 
was placed into a beaker containing more than a ten-fold 
excess of lysine buffer; the pH gradient that had been 
preimposed was largely collapsed upon mixing of the aque- 
ous phases inside and outside of the tubing. Table I shows 
the kinetics of efflux of the spin-labeled acid out of the 
dialysis tubing, and also shows the kinetics of the same 
probe when incubated with vesicles that have not been 
subjected to a pH gradient. 

[0042] It is clear from the data in Table I that when the 
intradialysis concentration of probes was examined at the 
end of the incubation period, the vesicles that had been 
loaded with the pH gradient had retained a such higher 
concentration of the acid than those without a pH gradient. 
This example also indicates that it is unnecessary to main- 
tain the pH gradient subsequent to the chemical loading 
procedure. 

TABLE I 


I'S] F- J I - S ' [ ' ' ' I [ 'HI 

vesicles that had been incubated with a spin labelled 
carboxylic acid in the presence and abse nce of a pH gradient . 

No pH gradient pH gradient 

Time(min) ESR signal Time (min) ESR signal 


10 0.15 30 0.12 


TABLE I-continued 


ESR signal leaking out of dialysis tubing containing 
vesicles that had been incubated with a spin labelled 
carboxylic acid in the presence and absence of a pH gradient. 

No pH gradient pH gradient 

20 0.17 45 0.15 

40 0.18 
internal 0.24 internal 3.0 


EXAMPL 4 

[0043] Methotraxate is converted to its monoester deriv- 
erative by synthesizing methotrexate from the monomethyl 
ester of glutamate rather than from glutamate itself by 
conventional methods for methotrexate synthesis. Lipo- 
somes are prepared as in Example 3 and the vesicles are 
incubated for about ten minutes with 1 mg ml of the 
methotrexate derivative in the presence of a sufficient 
amount of 100 mM citric acid to lower the external pH to 4 
(approximately one volume equivalent). The methotrexate is 
thereby internalized within the vesicles. The external pH is 
adjusted to 7.4 and 0.1 ml of the solution is injected into 
mice representing approximately 4% of total fluid body 
volume (2.5 ml). 

EXAMPLE 5 

[0044] Liposomes are prepared according to Example 1 or 
2 and are concentrated by means of a standard filtration 
concentration to a concentration of approximately 50 mg 
asolectin per 1 ml of 100 mM sodium citrate. The resulting 
lipid-like solution is injected in mice as described in 
Example 2 such that the final infusion is approximately 1% 
of total fluid body volume of asolectin. This example 
indicates that large volumes of liposomes having substantial 
pH gradients can be injected into animals without serious 
adverse effects. 

Example 6 
[0045] Loading of Hydrophobic Ions: 
[0046] Vesicles are prepared at pH 4.5 as before. The 
vesicle solution contains 10 uM of the cyanine dye dithi- 
asanine iodide. To achieve internalization of the cyanine 
dye, the vesicles are mixed with a 100 mM solution of 
sodium triphosphate of sufficient volume to raise the pH of 
the mixture to 7.4. This generates a pH gradient acid-inside 
in the vesicles and this pH gradient in turn generates an 
electrical gradient of about 180 millivolts, negative inside 
the vesicles. The positively charged cyanine dye, whose 
delocalized charge renders it membrane permeable, is driven 
into the vesicle interior in response to the electrical potential, 
reaching a final accumulation of a thousand fold relative to 
the aqueous solution outside of the vesicles. Since the 
vesicles are prepared with a internal volume of bout 10%, 
the final cyanine concentration inside the vesicles is about 
100 uM, while the external cyanine concentration is bout 
100 nM. 

INDUSTRIAL APPLICABILITY 
[0047] In accordance with the present invention, kits and 
methods are provided for encapsulating any number of drugs 
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within lipid-like vesicles. A method for detoxifying an 
animal is also described. The kits are very easy to use and 
require little or no training for the operator. They are fast and 
provide a high rate of encapsulation. Although the foregoing 
invention has been described in some detail by way of 
illustration and example for the purposes of clarity and 
understanding, it should be recognized that changes and 
modifications may be practiced within the scope of the 
appended claims. 

1. A method of loading a lipid-like vesicles having a 
membrane permeable to a chemical species to be loaded 
from a loading solution wherein the concentration of the 
thus loaded chemical species within the vesicle Is greater 
than the concentration of the chemical species in the loading 
solution and the loaded chemical species can be substan- 
tially maintained within the vesicle for at least one-quarter 
hour following loading, comprising: 

inducing a pH gradient between the inside and outside of 
the vesicle membrane while the vesicle is in the loading 
solution containing the chemical species said pH gra- 
dient being selected to drive said chemical species into 
said vesicles. 

2. A method of loading lipid-like vesicles having a mem- 
brane permeable to a chemical species to be loaded and for 
substantially maintaining I he loaded chemical species within 
the vesicle for at least one-quarter hour following loading by 
inducing a pH gradient across the membrane, comprising: 

(1) incorporating within the vesicle a buffer solution 
buffered to a selected acid or alkaline pH and having a 
selected molarity and at least one selected pKa approxi- 
mately equal to the selected buffer pH, the membrane 
being substantially impermeable to the buffer for al 
least one-quarter bom following loading of the chemi- 
cal species; 

(2) positioning the vesicles in a bulk solution having a 
selected pH; and 

(3) providing the bulk solution with a chemical species 
having one or more selected acid pH responsive groups 
if the buffer is alkaline or one or' more basic pH 
responsive groups if the buffer is acidic wherein the pH 
of the bulk solution is at least respectively 0.5, 0.3 or 
0.2 of a pH unit higher than the pH of the buffer if the 
buffer is acidic and the chemical species has respec- 
tively one, two, or three or more basic pH responsive 
groups, or the pH of the bulk solution is at least 
respectively 0.5, 0.3 or 0.2 of a pH unit lower than the 
pH of the buffer if the buffer is basic and the chemical 
species has respectively one, two, or three or more acid 
pH responsive groups, the pH responsive groups of the 
chemical species having one or more, acid pH respon- 
sive groups have a pKa that is generally lower than or 
equal to the pH of the bulk solution and generally 
higher than or equal to 3.5 and the pH responsive 
groups of the chemical species having one or more 
basic pH responsive groups have a pKa that is generally 
higher than or equal to the pH of the bulk solution and 
generally lower than or equal toll. 

3. A method according to claim 2 wherein the pH respon- 
sive group or groups are acid pH responsive groups and the 
buffer has a pKa in the range of about 10. 

4. A method according to claim 3 wherein the chemical 
species has a pKa from about 4-7. 


5. A method according to claim 4 wherein the pH respon- 
sive group is a carboxyl group. 

6. A method according to claim 2 wherein the pH respon- 
sive group or groups are basic pH responsive groups, and the 
buffer has a pKa in the range of about S. 

7. A method according to claim 6 wherein the chemical 
species has a pKa from about 7-10. 

8. A method according to claim 7 wherein the pH respon- 
sive group is an amino group. 

9. A method according to claim 8 wherein the chemical 

10. A method according to claim 2 wherein the vesicle is 
prepared in the buffer and incorporates the buffer via mixing 

11. A method according to claim 2 wherein the pH of the 
bulk solution is from about 7.0 to about 7.8. 

12. Amethod according to claim 11 wherein the pH of the 
bulk solution is bout 7.4. 

13. Vesicles prepared according to claim 2 wherein the 
chemical species is a drug. 

14. A pharmaceutical preparation for administration in 
vivo to an animal comprising lipid-like vesicles prepared 
according to claim 1 wherein said chemical species is a drug. 

15. A pharmaceutical preparation for parenteral adminis- 
tration in vivo to an animal comprising liposomes prepared 
according to claim 2 wherein said chemical species is a drug, 
the osmolality of the buffer is within the physiological range 
of the animal, the vesicles are suspended for administration 
in the bulk solution, and the pH of the bulk solution is 
physiologically benign. 

16. A kit for loading lipid-like vesicles having a mem- 
brane permeable to the chemical species to be loaded 
comprising: 

(1) a first compartment having a first solution having 
membranous lipid-like vesicles incorporating a buffer 
buffered to a selected acid or basic pH, the buffer 
having at least one selected pKa approximately equal to 
the selected buffer pH and a selected molarity and being 
substantially impermeable to the vesicle for at least 
one-quarter hour following loading of the chemical 
species and the first solution having a selected pH such 
that the stability of the vesicle and its buffer can be 
maintained for a period of at least one week at 4° C. 

(2) a second compartment, separate from the first com- 
partment, having a second solution having a selected 
pH; 

(3) a chemical species permeable to the vesicle having a 
selected pKa and one or more selected acid pH respon- 
sive groups if the buffer is basic or one or more basic 
pH responsive groups if the buffer is acidic, the chemi- 
cal species being initially present in a selected one of 
the two solutions with the second solution having a ps 
such that a mixture of the first and second solutions 
would have a pH respectively of at least, 0.5, 0.3, or 0.2 
of a pH unit higher than the pH of the buffer if the 
buffer is acidic and the chemical species has respec- 
tively one, two, or three or more basic pH responsive 
groups or a pH at least, respectively, 0.5, 0.3 or 0.2 of 
a pH unit lower than the pH of the buffer if the buffer 
is basic and the chemical species has respectively one, 
two or three or more acid pH responsive groups, the pH 
responsive groups of the chemical species having one 
or more acid pIT responsive groups have a pKa that is 
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generally lower than or equal to the pH of the mixture 
of the first and second solution and generally higher 
than or equal to 3.5 and the pH responsive groups of the 
chemical species having one or more basic pH respon- 
sive groups have a pKa that is generally higher than or 
equal to the pH of the mixture of the first and second 
solutions and generally lower than or equal to 11. 

17. A kit as set forth in claim 16 wherein said chemical 
species is a drug. 

18. A kit an set forth in claim 17 wherein the mixture will 
have a pH that is physiologically benign in regard to the 
blood of a mammal. 

19. A kit as set forth in claim 18 further including means 
for parenterally delivering the mixture to a mammal in vivo. 

20. A kit for loading lipid-like vesicles having a mem- 
brane permeable to an acid or basic chemical species to be 
loaded comprising: 

(1) a first compartment having a first solution having 
membranous lipid vesicles incorporating a buffer buff- 
ered to a selected basic pH if the chemical species to be 
loaded is an acid or acid [ill if the species in a base, the 
buffer having a selected pKa and a selected molarity, 
the membrane being substantially impermeable to the 
buffer 6 ir at least one -quarter hour following loading of 
the chemical species, the first solution having a selected 
pll such that the stability of the vesicle and its buffer 
will be maintained for a period of at least one week at 
4° C; 

(2) a second separate compartment having a first sub- 
stance which when combined with the first solution will 
adjust the pH of the first solution so as to provide a 
predetermined pH gradient between the buffer within 
the vesicle and the pH adjusted first solution; and 

(3) a third separate compartment having a second sub- 
stance which when combined with the pH adjusted first 
solution will further change the pH of said solution to 
a physiologically benign value with regard to the blood 
of a mammal. 

21. A kit as set forth in claim 20 further including a 
selected chemical species. 

22. A kit as set forth in claim 21 wherein the selected 
chemical species is a drag. 

23. A kit as set forth in claim 22 further including a means 
for parentally delivering the vesicle solution having the 
physiologically benign adjusted pH to a mammal in vivo. 

24. A method of detoxifying an animal suffering from an 
overdose of a chemical species with basic pH responsive 


groups comprising injecting the animal with a solution 
having a physiologically benign pH with respect to the 
animal, the solution having large volumes of liposomes 
having a buffer solution buffered to a pH generally lower 
than or equal to 5.4 and the buffer having at least one 
selected pKa and a selected molarity within the physiologi- 
cal range of the animal the liposomes being substantially 
impermeable to the buffer for at least one hour after injec- 

25. A method for detoxifying an animal suffering from an 
overdose of a chemical species with acid pH responsive 
groups the chemical species being permeable to liposomes 
comprising: injecting the animal with a solution having a 
physiologically benign pH with respect to the animal, the 
solution having large volumes of liposomes having a buffer 
solution buffered to a pH generally higher than or equal to 
9.4 and having a selected solarity and selected pKa, the 
liposomes being substantially impermeable to the buffer for 
at least one hour after injection. 

26. A method of loading lipid-like vesicles having a 
membrane permeable to a chemical species to be loaded and 
substantially maintaining the loaded chemical species by 
inducing a pH gradient across the membrane within the 
vesicle for at least one-quarter hour following loading, 
comprising: 

(1) incorporating within the vesicle a buffer solution 
buffered to a selected acid or alkaline pH and having a 
selected molarity and at least one selected pKa, the 
membrane being substantially impermeable to the 
buffer for at least one-quarter hour following loading of 
the chemical species; 

(2) positioning the vesicles in a bulk solution having a 
selected pH of either 0.5 to 3 pH units lower or pH units 
higher than the pH of the buffer thereby establishing a 
transmembrane electrical potential and a positive 
charge inside the vesicle if the pH outside the vesicle is 
more acid than inside or a negative charge inside the 
cell if the pH outside the call is more basic than inside; 

(3) providing in the bulk solution a chemical species 
having hydrophobic negatively-charged ions if the 
membrane charge within the vesicle is positive or 
hydrophobic positively charged ions if the membrane 
charge within the vesicle is negative. 
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AMENDMENTS TO THE SPECIFICATION 


Please replace the sentences of the indicate paragraphs with the corrected 
versions shown below: 


1 . Paragraph [001 0], last sentence: 


The pH of the bulk solution is at least resp o ctiv ol y 0.5, 0.3, or 0.2 [[f]] of a pH unit lower 
than [[th]] the pH of the buffer of the buffer is basic and [[th]] the chemical species has 
respectively one, two or three or more acid responsive groups. 

2. Paragraph [0018], sentence beginning on line 19: 

Drugs that have d e lot o riouo deleterious general effects such as chemotherapeutic or 
immuno-suppressant drugs may be encapsulated in this manner and used to treat 
specific tissues or caWs cells . 

3. Paragraph [0018], sentence beginning at line 22: 

Because of the high rate of encapsulation and the efficiency of encapsulation, concern 
over the expense and scarcity of the chemotherapeutic drugs no longer need be as 
great since only insignificant quantities of the drug will mm remain in the loading 
solution following vesicle preparation. 


Paragraph [0026], first sentence: 


The chemicals or drugs that say may be incorporated using the present method of 
encapsulation include those species that have acid or basic pH responsive groups, 
hydrophobic delocalized charged ions or that Ray may be provided with such. 
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4. Paragraph [0029], second sentence: 

Appropriate alkaline butter- buffers include besides carbonat e lysine /carbonate . 
lysine/phosphate and TAPS (obtainable from SIGMA). 

5. Paragraph [0030], first sentence: 

After the vesicle has been prepared, the pH of the solution containing the vesicle is 
usually adjusted by the addition of an acid or base to a pH of, rocpoctivoly, at least 
about 0.5, 0.3 or 0.2 pH units higher than the pH of the buffer if the buffer is acidic and 
the chemical species has rosp o ctiv o ly one, two or three femeve basic pH responsive 
groups and at least about 0.5, 0.3 or 0.2 pH units lower than the pH of the buffer if the 
buffer is basic and the chemical species has rosp o ct i voly one, two or three or more acid 
pH responsive groups. 

6. Paragraph [0030], second to last sentence: 

For simple Am i no chomicalo amines having a pKa greater than 1 1, equilibration will be 
slower than one minute. 

7. Paragraph [0031], first sentence: 

The membrane of the vesicle is impermeable to the passage of the buffer molecules 
throughout a [[ps]] p_H range of 3-1 1 . 

8. Paragraph [0033], third sentence: 

This decay [[F]] win generally occur sue* much more slowly than the initial loading 
process because of favorable effects of the pH gradient on the vectorial movement of 
the drug across the vesicle membrane. 
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9. Paragraph [0034], fourth sentence: 

For some drugs like asp i r i ng aspirin where e lim a t i on elimination from the body does not 
involve significant liver metabolism, liposome injection would nevertheless provide a 
means of diminishing the toxic effect of the drug by reducing high blood concentrations 
during the initial phase of intoxication. 

1 0. Paragraph [0034], last sentence: 

The liposomes containing the toxin say may also be removed by means of dialysis. 

1 1 . Paragraph [0035], third sentence: 

The first compartment (12) is s o par a t o separated from the second compartment (14) by 
an impermeable barrier (16) made of rubber, plastic or the like. 

12. Paragraph [0036], 5 th sentence: 

The second solution (15) has a pH such that a mixture of said first and second solutions 
(13, 15) will have a pH , rosp o ot i v ol y, of at least about 0.5, 0.3 or 0.2 pH units higher 
than the buffer (24) if the buffer (24) is acidic and the chemical (1 1 ) has respective^ one, 
two, [[or]] three or more basic pH responsive groups and at least about 0.5, 0.3, or 0.2 
units lower than the pH of the buffer (24) if the buffer (24) is basic and the chemical (1 1 ) 
has rospoct i vo l y, on one, two, [[or]] three or more acid pH responsive groups. 

1 3. Paragraph [0037], 4 th sentence: 

To encapsulate the chemical (1 1 ) which Lay may or may not be included with the kit but 
which for purpoooo for the purpose of this illustration is included in the first solution (13), 
the contents of the syringe (10) are emptied into a first vial (30). 
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14. Example 1 , last two sentence: 


The rate of uptake of the atmm amine depends on the pKa of the amino amine . As 
determined by ESR spectroscopy the resulting pH gradient was stable for several hours. 

1 5. Example 6, last sentence: 

Since the vesicles are prepared with [[a]] an internal volume of feetri about 10%, the final 
cyanine concentration inside the vesicles is about 100 uM, with the external cyanine 
concentration is feeut about 100 nM. 
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AMENDED CLAIM SET 


1 . (CURRENTLY AMENDED) A method of loading [[a]] lipid-like 

vesicles h a ving a m o mbrano pormoablo to a wrtha chemical species to bo loaded from 
a I m d i n rj so lution wh oroii. Ui n m n m nt ntin n of th e thu b loaded r h o mi c ol cp c c ic s withi n 
tho vocicl o [M\ is qroat o rthan thn r nnrnnwinn nf t h» n h r mi rrnl - prricc in t hu l u jdiny 
so lution and thn l oade d chem i c al op o cioc can bo nu not antially maint a inod w i thin th o 
ves i c l e for at least ono quartor hour fo l lowing loadin y, comprising: 
forming lipid-like vesicles in a solution com pri sing an acidir buffer if the chemirai 
species to be loaded is basic or a basic buffer if the chemical s pecies to he loaded k 
acidic: wherein: 

membranes of the formed Moid-like vesicl es are imnermpgble to the buffer; 
ad j usting the pH of the solution exterior t o th e memb ranes of the Hp irU jke vesicles to a 
basic pH if the chemical species to be loaded js hasi c or to an aridir p H if the chemiral 
species to be loaded is arid in; 

adding a basic chemical species to the adjusted h g sic exterior sgjutign or an acidir 

chemical species to the adjusted acidic exterior solution; 

loading the chemical s pecies into the vesicle; and 

adjusting the exte rior s oluti o n to a physiologically benian pH; wh^n- 

the chemical species is substantially m aintained in the v esicle for at l^ast nna 

quarter hour after the adjustment of the exterior solution 

2. (CURRENTLY AMENDED) A method of loading lipid-like vesicles 

having a membrane permeable to a chemical species to be loaded and for substantially 
maintaining the loaded chemical species within the vesicle for at least one-quarter hour 
following loading by inducing a pH gradient across the membrane, comprising: 

(1) incorporating within the vesicle a buffer solution buffered to a selected acid or 
alkaline pH having a selected molarity and at least one selected pKa 
approximately egual to the selected buffer pH, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species; 
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(2) positioning the vesicles in a bulk solution having a selected pH; and 

(3) providing the bulk solution with a chemical species having one or more 
selected acid pH responsive groups if the buffer is alkaline or one or more basic 
pH responsive groups if the buffer is acidic wherein the pH of the bulk solution is 
at least respoctivo l y 0.5, 0.3 or 0.2 of a pH unit higher than the pH of the buffer if 
the buffer is acidic and the chemical species has re s poctiv o ly one, two, or three 
or more basic pH responsive groups, or the pH of the bulk solution is at least 
rosp o ctiv o ly 0.5, 0.3 or 0.2 of a pH unit lower than the pH of the buffer if the 
buffer is basic and the chemical species has resp o ctiv o ly one, two or three or 
more acid pH responsive groups, the pH responsive groups of the chemical 
species having one or more acid pH responsive groups have a pKa that is 
generally lower than or equal to the pH of the bulk solution and generally higher 
than or equal to 3.5 and the pH responsive groups of the chemical species 
having one or more basic pH responsive groups have a pKa that is generally 
higher than or equal to the pH of the bulk solution and generally lower than or 
equal toll to 1 1 . 


3. (CURRENTLY AMENDED) A method according to claim 2 wherein 

the pH responsive group or groups are acid pH responsive groups and the buffer has a 
pKa in th o rang o of about 10. 


4. (CURRENTLY AMENDED) A method according to claim 3 wherein 
the chemical species has a pKa from of about 4-7. 

5. (PREVIOUSLY PRESENTED) A method according to claim 4 wherein 
the pH responsive group is a carboxyl group. 

6. (CURRENTLY AMENDED) A method according to claim 2 wherein 
the pH responsive group or groups are basic pH responsive groups, and the buffer has 
a pKa in the range of about [[S]] 5. 
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7. (PREVIOUSLY PRESENTED) A method according to claim 6 wherein 

the chemical species has a pKa from about 7-10. 


8. (PREVIOUSLY PRESENTED) A method according to claim 7 wherein 
the pH responsive group is an amino group. 

9. (PREVIOUSLY PRESENTED) A method according to claim 8 wherein 
the chemical species is an amine. 

1 0. (PREVIOUSLY PRESENTED) A method according to claim 2 wherein 
the vesicle is prepared in the buffer and incorporates the buffer via mixing and 
sonication. 


1 1 . (CURRENTLY AMENDED) A method according to claim 2 wherein 

the pH of the bulk solution is from about 7.0 to about 7.8. 


1 2. (CURRENTLY AMENDED) A method according to claim 1 1 wherein 

the pH of the bulk solution is bout about 7.4. 


1 3. (WITHDRAWN AND CURRENTLY AMENDED) Vesicloc prepared 
according to The method of claim 2 wherein the chemical species is a drug. 

14. (WITHDRAWN) A pharmaceutical preparation for administration in 
vivo to an animal comprising lipid-like vesicles prepared according to claim 1 wherein 
said chemical species is a drug. 


1 5. (WITHDRAWN AND CURRENTLY AMENDED) A pharmaceutical 
preparation for parenteral administration in vivo to an animal comprising liposomoo lipid- 
like vesicles prepared according to claim 2 wherein said chemical species is a drug, the 
osmolarity of the buffer is within the physiological range of the animal, the vesicles are 
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suspended for administration in the bulk solution, and the pH of the bulk solution is 
physiologically benign. 

1 6. (CURRENTLY AMENDED) A kit for loading lipid-like vesicles having a 
membrane permeable to the chemical species to be loaded comprising: 

(1 ) a first compartment having a first solution having membranous lipid-like 
vesicles incorporating a buffer buffered to a selected acid or basic pH, the buffer 
having at least one selected pKa approximately equal to the selected buffer pH 
and a selected molarity and being substantially impermeable to the vesicle's 
membrane for at least one-quarter hour following loading of the chemical species 
and the first solution having a selected pH such that the stability of the vesicle 
and its buffer can be maintained for a period of at least one week at 4=-G 4 °_C. 

(2) a second compartment, separate from the first compartment, having a 
second solution having a selected pH; 

(3) a chemical species permeable to the vesicle having a selected pKa and one 
or more selected acid pH responsive groups if the buffer is basic or one or more 
basic pH responsive groups if the buffer is acidic, the chemical species being 
initially present in a selected one of two solutions with the second solution having 
a [[ps]] pH such that a mixture of the first and second solutions would have a pH 
rospoot i voly of at least 0.5, 0.3, or 0.2 of a pH unit higher than the pH of the 
buffer if the buffer is acidic and the chemical species has respoctivoly one, two, 
or three or more basic pH responsive groups or a pH at least, rocpoctivoly, 0.5, 
0.3 or 0.2 of a pH unit lower than the pH of the buffer if the buffer is basic and the 
chemical species has respoctiv o ly one, two or three or more acid pH responsive 
groups, the pH responsive groups of the chemical species having one or more 
acid pH responsive groups have a pKa that is generally lower than or equal to 
the pH of the mixture of the first and second solution and generally higher than or 
equal to 3.5 and the pH responsive groups of the chemical species having one or 
more basic pH responsive groups have a pKa that is generally higher than or 
equal to the pH of the mixture of the first and second solutions and generally 
lower than or equal to 1 1 . 
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1 7. (PREVIOUSLY PRESENTED) A kit as set forth in claim 16 wherein 
said chemical species is a drug. 

1 8. (CURRENTLY AMENDED) A kit [[an]] as set forth in claim 1 7 
wherein the mixture will have a pH that is physiologically benign in regard to the blood 
of a mammal. 

19. (CURRENTLY AMENDED) A kit as set forth in claim 18 further 
includin 9 com P risin q means for parenteral^ delivering the mixture to a mammal in vivo. 

20. (CURRENTLY AMENDED) A kit for loading lipid-like vesicles having 
a membrane permeable to an acid or basic chemical species to be loaded comprising: 

(1) a first compartment having a first solution having membranous tipid lipid-like 
vesicles incorporating a buffer buffered to a selected basic pH if the chemical 
species to be loaded is an acid or acid pH if the species in a base, the buffer 
having a selected pKa and a selected molarity, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species, the first solution having a selected pH such that the stability of 
the vesicle and its buffer will be maintained for a period of at least one week at 
P° C.114X: 

(2) a second separate compartment having a first substance which when 
combined with the first solution will adjust the pH of the first solution so as to 
provide a predetermined pH gradient between the buffer within the vesicle and 
the pH adjusted first solution; and 

(3) a third separate compartment having a second substance which when 
combined with the pH adjusted first solution will further change the pH of said 
solution to a physiologically benign value with regard to the blood of a mammal. 

21 . (CURRENTLY AMENDED) A kit as set forth in claim 20 further 

delud i ng comprising a selected chemical species. 
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22. (PREVIOUSLY PRESENTED) A kit as set forth in claim 21 wherein the 
selected chemical species is a drug. 

23. (PREVIOUSLY PRESENTED) A kit as set forth in claim 22 further 
including a means for parentally delivering the vesicle solution having the 
physiologically benign adjusted pH to a mammal in vivo. 

24. (WITHDRAWN) A method of detoxifying an animal suffering 
from an overdose of a chemical species with basic pH responsive groups comprising 
injecting the animal with a solution having a physiologically benign pH with respect to 
the animal, the solution having large volumes of liposomes having a buffer solution 
buffered to a pH generally lower than or equal to 5.4 and the buffer having at least one 
selected pKa and a selected molarity within the physiological range of the animal the 
liposomes being substantially impermeable to the buffer for at least one hour after 
injection. 

25. (WITHDRAWN) A method for detoxifying an animal suffering 
from an overdose of a chemical species with acid pH responsive groups the chemical 
species being permeable to liposomes comprising: injecting the animal with a solution 
having a physiologically benign pH with respect to the animal, the solution having large 
volumes of liposomes having a buffer solution buffered to a pH generally higher than or 
equal to 9.4 and having a selected solarity and selected pKa, the liposomes being 
substantially impermeable to the buffer for at least one hour after injection. 

26. (WITHDRAWN) A method of loading lipid-like vesicles having a 
membrane permeable to a chemical species to be loaded and substantially maintaining 
the loaded chemical species by inducing a pH gradient across the membrane within the 
vesicle for at least one-quarter hour following loading, comprising: 

(1 ) incorporating within the vesicle a buffer solution buffered to a selected acid or 
alkaline pH and having a selected molarity and at least one selected pKa, the 
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membrane being substantially impermeable to the buffer for at least one-quarter 
hour following loading of the chemical species; 

(2) positioning the vesicles in a bulk solution having a selected pH of either 0.5 
to 3 pH units lower or pH units higher than the pH of the buffer thereby 
establishing a transmembrane electrical potential and a positive charge inside 
the vesicle if the pH outside the vesicle is more acid than inside or a negative 
charge inside the cell if the pH outside the call is more basic than inside; 

(3) providing in the bulk solution a chemical species having hydrophobic 
negatively-charged ions if the membrane charge within the vesicle is positive or 
hydrophobic positively charged ions if the membrane charge within the vesicle is 
negative. 
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REMARKS 


Claims 1-26 are currently before the examiner. Claims 13-15 and 24-26 have 
been withdrawn by the examiner as, in the examiner's view, being drawn to separate 
and distinct invention. Applicant traversed the withdrawal, which the examiner did not 
deem persuasive. Claims 1-12 and 16-23 stand rejected. Claims 1-4, 6, 1 1, 12, 16, 
and 18-21 have been amended. The amendments are made either to correct 
typographic errors or to more accurately describe that which the inventor considers the 
invention. All amendments are fully supported by the specification; no new matter has 
been added. 


Objection to the specification 

The examiner has objected to the specification as containing a number of 
misspelled words and a number of words with letters missing and has required 
correction of same. 


Applicant's response 

Applicant has amended the specification to correct all such errors that applicant 
could find at this time. 


Double patenting 

The examiner has issued a non-statutory double patenting rejection of claims 16- 
23 over claims 1-7 of U.S. Pat. No. 5,762,957. 
Applicant traverses. 

Applicant's response 

While the examiner notes that the present claims include an "additional step- 
applied to the kit claimed therein and then speaks in terms of the present claims 
"anticipating the patented claims because the patented claims recite 'comprising' and 
thus opens the claims to the inclusion of additional steps," it is understood that a non- 
statutory terminal disclaimer requires determination of whether the challenged claims 
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are an obvious variation of an invention claimed in the patent. Applioant respectfully 
submits that they are not. 

The kits of the current claims require a first compartment containing an acidic or 
bas,c buffer solution both within and outside lipid-like vesicles, wherein the vesicles are 
substantially impermeable to the buffer for at least one-quarter hour following loading of 
the chem,cal species and, further, the first solution has a pH selected such that the 
stability of the vesicle and its buffer can be maintained for a period of at least one week 
at 4 °C. The current claims also require a second compartment having a second 
solutron at a selected pH wherein when the first and second solutions are mixed the 
resulting solution has a pH that is 0.5, 0.3 or 0.2 pH units above the pH of the buffer in 
the liposomes if the buffer is acidic or 0.5, 0.3 or 0.2 pH units below the pH of the buffer 
in the liposomes if the buffer is basic. 

The patented kits, on the other hand, make no mention whatsoever as to the 
duration of the impermeability of its liposome membranes to the buffer or to the 
selection of a first solution pH so as to result in stable vesicles and buffers for a. least 
one week. Further, the patented invention says nothing about the pH of the combined 
first and second solutions. Thus the patented kit requires only acids and bases and 
does not specify any particular pH while the current application does. The difference 
i.e., from no preference to the express limitations of the current invention are not 
obvious. 

The examiner is requested to reconsider and thereupon withdraw the terminal 
disclaimer over U.S. Pat. No. 5,762,957. 

Double patenting over U.S. Pat. No 5,827,532. 

The examiner has also issued a non-statutory double patenting rejection of 
claims 1-12 overclaims 1-9 of U.S. Pat. No. 5,827,532. 

Applicant's response 

Submitted herewith is a terminal disclaimer disclaiming the term of a patent that 
issues from this application that exceeds the maximum permitted term of the '532 patent. 
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35 U.S.C. § 112, second paragraph, rejection of claims 1-12 and 16-23 

The examiner has rejected claims 1-12 and 16-23 under § 1 12 second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter that application regards as the invention. In particular, the examiner 
points out a number of errors and words missing in the claims. 

Applicant's response 

Applicant has amended the claims to, among other things, correct the scriveners 
errors therein. 

35 U.S.C. § 102 rejection of claim 1 

The examiner has rejected Cairn 1 over § 102(b) as being anticipated by Nichols 
e. al„ B,ochemica et Biophysica Acta, 1976. 455:26g-7. In the examiner's opinion 
Nichols teaches a method of preparation of liposomes using the method set forth in 
claim 1 . That is. as the examiner sees it, the method involved preparing liposomes with 
acid pH and titrating them with a base to create a pH gradient and adding a basic drug 
which include epinephrine, to load the drug. 

Applicant traverses. 

Applicant's response 

Claim 1 has been amended to more fully assert that which the inventor considers 
the invention. As such the above rejection is rendered moot. That is, Nichols is 
concerned only with the uptake of an amine, catechol amine, epinephrine 
norepinephrine or dopamine, into an liposome using a pH gradient. Nichols does not 
men„on, in fact clearly is no, in the least concerned with, how long the amine remains in 
the Uposome after the gradient is destroyed as clearly the case in amended claim 1 
since no data or discussion of such appears in the paper. 

The examiner is requested to reconsider and thereupon withdraw the rejection. 
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35 U.S.C. § 102 rejection of claim 1 

The examiner has also rejected claim 1 under §102(b) as being anticipated by 
Deamer, et al., Biochemica et Biophysics Acta, 1972, 274:323-335. In the examiner's 
opinion, Deamer teaches a method of preparation of liposomes using the method of 
claim 1. That is, the examiner notes that Deamer loads amines by preparing liposomes 
w,th acd pH and titrating them with a base to create a pH gradient and adding a basic 
amine. 

Applicant traverses. 

Applicant's response 

As was the case with Nichols, applicants' amendment to claim 1 renders the 
rejection over Deamer moot. Deamer is concerned solely with the development of a 
probe for measuring the actual P H gradient across membranes. At no point does 
Deamer discuss or even allude what happens when the pH gradient is destroyed when 
a membrane impermeable buffer is used inside the membrane or, more specifically to 
containing an absorbed chemical species within a liposome for a period of time after 
such destruction of the membrane. 

The examiner is requested to reconsider and thereupon withdraw the rejection. 

35 U.S.C. §102 rejection of claim 1 

The examiner again rejects claim 1 under §102(b) as being anticipated by 
Cramer, et al., Biochem and Biophys Research Communications, 1977, 75(2):295-301 
In the examiner's view, Cramer teachs the method of claim 1 in it involves the 
preparation of liposomes and then the lowering of the pH or the external medium so as 
to load acidic compounds. 

Applicant traverses. 


Applicant's response 

Like Nichols and Deamer, Cramer is concerned only with phenomenon of pH- 
mduced transport of species, in this case carboxylic acids, across a liposome 
membrane. The only reference to elution of the encapsulated species is the statement 


>AN FRANCISCO/264556, 1 


16 


10/759,222 


(3 


88799.2 


that "[T]he nonselective leakage of both fumaric and maleic acids depicted in Figure 4 at 
longer times is probably the result of vesicle rupture in response to the osmotic stress 
provided by the early selective transport of protonated fumaric acid." This, however, is 
observed while the pH gradient is still intact. There is no mention of what manner of 
buffer to use or to what happens to the incorporated chemical species once the gradient 
is destroyed as is the case in the current invention when the gradient solution is diluted 
under essentially pH neutral physiological conditions. 

Again, the examiner is requested to reconsider and thereupon withdraw the 
rejection. 


35 U.S.C. § 103 rejection of claim 1-12 

The examiner has rejected claims 1-12 as being unpatentable over Nichols or 
Deamer in view of Cramer. While in the examiner's view, while Nichols, Deamer and 
Cramer do not teach the establishment of a pH gradient by addition If an acid, the 
examiner deems it to be within the "skill of the art of chemistry" that if an internal 
medium is basic one can only establish a gradient by the addition of an acidic 
substance. The examiner does find that Nichols, Deamer and Cramer all teach the 
loading of a chemical species into a liposome using a pH gradient. 

Applicant traverses. 

Applicant's response 

Applicant does not dispute the examiner's contention that it is within the 
understanding of one or ordinary skill in the chemistry art that to establish a pH gradient 
when an internal medium is basic one should add an acid to the external medium. 
Applicant, however, contends that it is not within the ken of one or ordinary skill in the 
art to recognize that a chemical species can be maintained in the internal medium for a 
period of time after the loading gradient has been eliminated by using a membrane 
impermeable buffer. Thus, the present invention is not at all obvious. 

The examiner is requested to reconsider and thereupon withdraw the rejection. 


SANFRANCISCO/264556 I 


17 


10/759,222 9 (H 

w 88799.2 

CONCLUSION 

Applicant believes that based on the amendments to the claims herein and the 
above Remarks, this application is in condition for allowance and respectfully requests 
that it be passed to issue. 

In addition, applicant requests a three month extension in time within which to file 
this response. The Commissioner is authorized to charge the amount due to SQUIRE 
SANDERS & DEMPSEY Deposit Account No. 07-1850. 


Date: May 29, 2008 


Squire, Sanders & Dempsey L.L.P. 
One Maritime Plaza 
Suite 300 

San Francisco, CA 94111 
Facsimile (415) 393-9887 
Telephone (415) 393-9882 


Respectfully submitted, 



Attorney for Applij 
Reg. No. 42,112. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of: 
MEHLHORN, Rolf Joachim 
Serial No.: 10/759,222 
Filed: 20 January 2004 


For: METHODS FOR LOADING LIPID 
LIKE VESICLES WITH DRUGS OR 
OTHER CHEMICALS 


Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 


Group Art Unit: 1614 
Examiner: Weddington, Kevin E. 
Confirmation No.: 6448 


RESPONSE TO NON-FINAL OFFICE ACTION 

With regard to the non-final office action mailed 5 September 2008, please take 
the following actions and consider the remarks below. 
Terminal disclaimer 

The examiner has maintained a judicially created double patenting rejection of 
the current application over U.S. Pat. No. 5,827,532. 
Applicant's response 

Applicant intended to provide a terminal disclaimer over the '532 patent with 
applicant's response to the 29 November 2007 office action by inadvertently failed to do 
so. The terminal disclaimer is submitted herewith. 
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CLAIMS 


1 . (PREVIOUSLY PRESENTED) A method of loading lipid-like vesicles, 

comprising: 

forming lipid-like vesicles in a solution comprising an acidic buffer if the chemical 
species to be loaded is basic or a basic buffer if the chemical species to be loaded is 
acidic; wherein: 

membranes of the formed lipid-like vesicles are impermeable to the buffer; 
adjusting the pH of the solution exterior to the membranes of the lipid-like vesicles to a 
basic pH if the chemical species to be loaded is basic or to an acidic pH if the chemical 
species to be loaded is acidic; 

adding a basic chemical species to the adjusted basic exterior solution or an acidic 

chemical species to the adjusted acidic exterior solution; 

loading the chemical species into the vesicle; and 

adjusting the exterior solution to a physiologically benign pH; wherein: 

the chemical species is substantially maintained in the vesicle for at least one 

quarter hour after the adjustment of the exterior solution. 

2. (PREVIOUSLY PRESENTED) A method of loading lipid-like vesicles 

having a membrane permeable to a chemical species to be loaded and for substantially 
maintaining the loaded chemical species within the vesicle for at least one-quarter hour 
following loading by inducing a pH gradient across the membrane, comprising: 

(1) incorporating within the vesicle a buffer solution buffered to a selected acid or 
alkaline pH having a selected molarity and at least one selected pKa 
approximately equal to the selected buffer pH, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species; 

(2) positioning the vesicles in a bulk solution having a selected pH; and 

(3) providing the bulk solution with a chemical species having one or more 
selected acid pH responsive groups if the buffer is alkaline or one or more basic 
pH responsive groups if the buffer is acidic wherein the pH of the bulk solution is 
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at least 0.5, 0.3 or 0.2 of a pH unit higher than the pH of the buffer if the buffer is 
acidic and the chemical species has one, two, or three or more basic pH 
responsive groups, or the pH of the bulk solution is at least 0.5, 0.3 or 0.2 of a pH 
unit lower than the P H of the buffer if the buffer is basic and the chemical species 
has one, two or three or more acid pH responsive groups, the pH responsive 
groups of the chemical species having one or more acid pH responsive groups 
have a pKa that is generally lower than or equal to the pH of the bulk solution 
and generally higher than or equal to 3.5 and the pH responsive groups of the 
chemical species having one or more basic pH responsive groups have a pKa 
that is generally higher than or equal to the pH of the bulk solution and generally 
lower than or equal to 1 1 . 

3. (PREVIOUSLY PRESENTED) A method according to claim 2 wherein 

the pH responsive group or groups are acid pH responsive groups and the buffer has a 
pKa of about 10. 


4. (PREVIOUSLY PRESENTED) A method according to claim 3 wherein 
the chemical species has a pKa of about 4-7. 

5. (PREVIOUSLY PRESENTED) A method according to claim 4 wherein 
the pH responsive group is a carboxyl group. 

6. (PREVIOUSLY PRESENTED) A method according to claim 2 wherein 
the pH responsive group or groups are basic pH responsive groups, and the buffer has 
a pKa in the range of about 5. 


7. (PREVIOUSLY PRESENTED) A method according to claim 6 wherein 
the chemical species has a pKa from about 7-10. 

8. (PREVIOUSLY PRESENTED) A method according to claim 7 wherein 
the pH responsive group is an amino group. 
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9. (PREVIOUSLY PRESENTED) A method according to claim 8 wherein 
the chemical species is an amine. 

10. (PREVIOUSLY PRESENTED) A method according to claim 2 wherein 
the vesicle is prepared in the buffer and incorporates the buffer via mixing and 


11. (PREVIOUSLY PRESENTED) A method according to claim 2 wherein 
the pH of the bulk solution is about 7.0 to about 7.8. 

12. (PREVIOUSLY PRESENTED) A method according to claim 1 1 wherein 
the pH of the bulk solution is about 7.4. 

13. (WITHDRAWN) The method of claim 2 wherein the chemical species 
is a drug. 

14. (WITHDRAWN) A pharmaceutical preparation for administration in 
vivo to an animal comprising lipid-like vesicles prepared according to claim 1 wherein 
said chemical species is a drug. 

1 5. (WITHDRAWN) A pharmaceutical preparation for parenteral 
administration in vivo to an animal comprising lipid-like vesicles prepared according to 
claim 2 wherein said chemical species is a drug, the osmolarity of the buffer is within the 
physiological range of the animal, the vesicles are suspended for administration in the 
bulk solution, and the pH of the bulk solution is physiologically benign. 

16. (PREVIOUSLY PRESENTED) A kit for loading lipid-like vesicles having a 
membrane permeable to the chemical species to be loaded comprising: 

(1) a first compartment having a first solution having membranous lipid-like 
vesicles incorporating a buffer buffered to a selected acid or basic pH, the buffer 
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having at least one selected pKa approximately equal to the selected buffer pH 
and a selected molarity and being substantially impermeable to the vesicle's 
membrane for at least one-quarter hour following loading of the chemical species 
and the first solution having a selected pH such that the stability of the vesicle 
and its buffer can be maintained for a period of at least one week at 4 °C. 

(2) a second compartment, separate from the first compartment, having a 
second solution having a selected pH; 

(3) a chemical species permeable to the vesicle having a selected pKa and one 
or more selected acid pH responsive groups if the buffer is basic or one or more 
basic pH responsive groups if the buffer is acidic, the chemical species being 
initially present in a selected one of two solutions with the second solution having 
a pH such that a mixture of the first and second solutions would have a pH at 
least 0.5, 0.3, or 0.2 of a pH unit higher than the pH of the buffer if the buffer is 
acidic and the chemical species has one, two, or three or more basic pH 
responsive groups at least 0.5, 0.3 or 0.2 of a pH unit lower than the pH of the 
buffer if the buffer is basic and the chemical species has one, two or three or 
more acid pH responsive groups, the pH responsive groups of the chemical 
species having one or more acid pH responsive groups have a pKa that is 
generally lower than or equal to the pH of the mixture of the first and second 
solution and generally higher than or equal to 3.5 and the pH responsive groups 
of the chemical species having one or more basic pH responsive groups have a 
pKa that is generally higher than or equal to the pH of the mixture of the first and 
second solutions and generally lower than or equal to 1 1. 

17. (PREVIOUSLY PRESENTED) A kit as set forth in claim 16 wherein 
said chemical species is a drug. 

18. (PREVIOUSLY PRESENTED) A kit as set forth in claim 17 wherein the 
mixture will have a pH that is physiologically benign in regard to the blood of a mammal. 
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19. (PREVIOUSLY PRESENTED) A kit as set forth in claim 18 further 
comprising means for parenterally delivering the mixture to a mammal in vivo. 

20. (PREVIOUSLY PRESENTED) A kit for loading lipid-like vesicles having 
a membrane permeable to an acid or basic chemical species to be loaded comprising: 

(1) a first compartment having a first solution having membranous lipid-like 
vesicles incorporating a buffer buffered to a selected basic pH if the chemical 
species to be loaded is an acid or acid pH if the species in a base, the buffer 
having a selected pKa and a selected molarity, the membrane being substantially 
impermeable to the buffer for at least one-quarter hour following loading of the 
chemical species, the first solution having a selected pH such that the stability of 
the vesicle and its buffer will be maintained for a period of at least one week at 4 
°C; 

(2) a second separate compartment having a first substance which when 
combined with the first solution will adjust the pH of the first solution so as to 
provide a predetermined pH gradient between the buffer within the vesicle and 
the pH adjusted first solution; and 

(3) a third separate compartment having a second substance which when 
combined with the pH adjusted first solution will further change the pH of said 
solution to a physiologically benign value with regard to the blood of a mammal. 

21 . (PREVIOUSLY PRESENTED) A kit as set forth in claim 20 further 
comprising a selected chemical species. 

22. (PREVIOUSLY PRESENTED) A kit as set forth in claim 21 wherein the 
selected chemical species is a drug. 

23. (PREVIOUSLY PRESENTED) A kit as set forth in claim 22 further 
including a means for parentally delivering the vesicle solution having the 
physiologically benign adjusted pH to a mammal in vivo. 
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24. (WITHDRAWN) A method of detoxifying an animal suffering from an 
overdose of a chemical species with basic pH responsive groups comprising injecting 
the animal with a solution having a physiologically benign pH with respect to the animal, 
the solution having large volumes of liposomes having a buffer solution buffered to a pH 
generally lower than or equal to 5.4 and the buffer having at least one selected pKa and 
a selected molarity within the physiological range of the animal the liposomes being 
substantially impermeable to the buffer for at least one hour after injection. 

25. (WITHDRAWN) A method for detoxifying an animal suffering from an 
overdose of a chemical species with acid pH responsive groups the chemical species 
being permeable to liposomes comprising: injecting the animal with a solution having a 
physiologically benign pH with respect to the animal, the solution having large volumes 
of liposomes having a buffer solution buffered to a pH generally higher than or equal to 
9.4 and having a selected solarity and selected pKa, the liposomes being substantially 
impermeable to the buffer for at least one hour after injection. 

26. (WITHDRAWN) A method of loading lipid-like vesicles having a 
membrane permeable to a chemical species to be loaded and substantially maintaining 
the loaded chemical species by inducing a pH gradient across the membrane within the 
vesicle for at least one-quarter hour following loading, comprising: 

(1) incorporating within the vesicle a buffer solution buffered to a selected acid or 
alkaline pH and having a selected molarity and at least one selected pKa, the 
membrane being substantially impermeable to the buffer for at least one-quarter 
hour following loading of the chemical species; 

(2) positioning the vesicles in a bulk solution having a selected pH of either 0.5 
to 3 pH units lower or pH units higher than the pH of the buffer thereby 
establishing a transmembrane electrical potential and a positive charge inside 
the vesicle if the pH outside the vesicle is more acid than inside or a negative 
charge inside the cell if the pH outside the call is more basic than inside; 

(3) providing in the bulk solution a chemical species having hydrophobic 
negatively-charged ions if the membrane charge within the vesicle is positive or 
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hydrophobic positively charged ions if the membrane charge within the vesicle is 
negative. 


SANFRANCISCO/289423. 1 


8 


9 


10/759,222 


88799.2 


REMARKS 


Claims 1-26 are currently before the examiner. Claims 13-15 and 24-26 have 
been withdrawn by the examiner as, in the examiner's view, being drawn to separate 
and distinct invention. Applicant traversed the withdrawal, which the examiner did not 
deem persuasive. Claims 1-12 and 16-23 stand rejected. 
Double patenting 

The examiner has maintained the non-statutory double patenting rejection of 
claims 16-23 over claims 1-7 of U.S. Pat. No. 5,762,957. The examiner states that the 
inventions are not patently distinct for reasons of record as set forth in the 29 November 
2007 office action. 

The examiner augments the previous grounds for the double patenting rejection 
by stating that applicant's remarks are non-persuasive regarding the differences 
between the current kits and those of the '957 patent. In the examiner's view, the 
current kit and the '957 kit "are claiming the same components in both kits" and 
therefore would produce the same results. 

Applicant traverses. 
Applicant's response 

Applicant maintains and incorporates herein the rationale presented in the 
response to the 29 November 2007 office action for finding the kits of the current 
application and those of the '957 patent patently distinct are valid. That is, 


The kit of the current claims require a first 
compartment containing an acidic or basic buffer solution 
both within and outside lipid-like vesicles, wherein the 
vesicles are substantially impermeable to the buffer for at 
least one-quarter hour following loading of the chemical 
species and, further, the first solution has a pH selected 
such that the stability of the vesicle and its buffer can be 
maintained for a period of at least one week at 4 °C. The 
current claims also require a second compartment having a 
second solution at a selected pH wherein when the first and 
second solutions are mixed the resulting solution has a pH 
that is 0.5, 0.3 or 0.2 pH units above the pH of the buffer in 
the liposomes if the buffer is acidic or 0.5, 0.3 or 0.2 pH units 
below the pH of the buffer in the liposomes if the buffer is 
basic. 
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The patented kits, on the other hand, make no 
mention whatsoever as to the duration of the impermeability 
of its liposome membranes to the buffer or to the selection 
of a first solution pH so as to result in stable vesicles and 
buffers for at least one week. Further, the patented 
invention says nothing about the pH of the combined first 
and second solutions. Thus the patented kit requires only 
acids and bases and does not specify any particular pH 
while the current application does. The difference, i.e., from 
no preference to the express limitations of the current 
invention are not obvious. 

Applicant emphasizes that the components of the kits are not the same. The 
current kits require a very specific relationship between the pHs of the first and second 
solutions which is nowhere evident in the kit components of the '957 patent. 

Further, the kits of the current invention require that the pH of the first solution be 
such that "the stability of the vesicle and its buffer can be maintained for a period of at 
least one week at 4 °C, which element is completely absent from the kits of the '957 
patent. The mere fact that the possibility of such a composition is disclosed in the '957 
patent specification is of no import. The '957 kit claims do not claim such. To suggest 
that the kits of the '958 patent would "produce the same results" without virtually any of 
the specific limitations of the current kits would be to incorporate limitations from the 
specification into the claims, which the examiner is well aware is impermissible. 

The examiner is requested to reconsider and thereupon withdraw the terminal 
disclaimer over U.S. Pat. No. 5,762,957. 

35 U.S.C. §112, first paragraph rejection of claims 1-8, 10-12 and 16-23 

The examiner has rejected claims 1-8, 10-12 and 16-23 under §1 12, first 
paragraph, because, in the examiner's view, the specification "fails to provide sufficient 
written bases of any of the agents demonstrating wherein possession of use of the 
broad terms: a chemical species, an amino group, an amine, a drug, a first substance, 
and a second substance." 

Applicant traverses. 
Applicant's response 

Applicant is not laying claim to certain chemical species, amines, drugs and the 
like. Rather, applicant is claiming a general purpose method of loading acid and basic 
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chemical species into lipid-like vesicles. Contrary to the examiner's position there is no 
authority stating that a single example is insufficient to support a general method claim 
absent compelling reasons to lead one of ordinary skill in the art to believe that the 
method would not work with most if not all other species of the exemplified substance 
Specifically, the term "chemical species" is not used in the claim anywhere without 
ultimately being modified for the purpose or the claim as being an acidic or basic 
chemical species or a chemical species containing an "acid pH responsive" or a "basic 
PH responsive" group. This is a sufficient description to permit those skilled in the art to 
immediately envision the types of acidic/basic chemical species or acid/basic pH 
responsive groups since pH is a fundamental concept of organic chemistry known to all 
pract.tioners of the organic chemical art. The chemical species are further defined in 
the specification at page 3, paragraph [0023] and page 4, paragraph [0030]: 
[0023] ... The term chemical species having one or more 
selected acid or basic pH responsive groups is also used 
broadly to indicate any chemical or drug having acid or basic 
groups, properties or functions such as, but not limited to 
amine or carboxyl groups. Other substances such as 
imidazoles and barbituric acid derivatives may also be used 
The term also includes any chemical that has desired 
chemical or therapeutic properties that will not be sufficiently 
altered by attachment of such pH responsive groups. ... 

[0030] ... The chemical [species] loading rate will depend on 
the pKa and will be complete within less tha minute for low 
molecular weigh (MW less than 500) amine chemicals with 
pKs s less than 1 0 and having no charge or strongly polar 
groups other than the amino group. Analogously weak 
acids [chemical species] having pKas greater than 4 will 
accumulate in the liposomes in about one minute, unless 
they bear strong polar groups other than their carboxyls. 

Applicant believes that no more is required to sufficiently explicate what is meant by 
"chemical species." 

"Amino" and "amine" need no further definition. Those skilled in the art will 
immediately understand these terms to refer to a -NRR' group wherein R and R- are 
independently hydrogen, alkyl and/or aryl and to compounds containing such group and 
would likewise immediately know that the group or compound will have a basic pH 
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Such commonly-known terms do not require definition in an application unless the 
usage there is different from what those skilled in the art would expect. Such is not the 
case here. Example 1 provides a specific basic entity, Tempamine, which would be 
immediately recognized by those skilled in the art to be an "amine" and to contain one 
or more "amino" groups, to demonstrate the fundamental operation of the claimed 
method. There is nothing to suggest that other amines would not work. 

With regard to drugs, more than sufficient examples are provided. In paragraph 
[0023], it is stated: 

[0023] ... The terms chemical species and "drugs" 
include but are not limited to, such substances as chemicals, 
drugs for chemotherapy and immunosuppression, 
membrane permeable peptide toxins and hormones. 
Examples of drugs having molecules having basic properties 
are vincristine, doxorubicin, streptomycin, chloroquine and 
daunorubicin. Examples of drugs having molecules having 
acid properties are derivatives of methotrexate, daunomycin 
penicillin, p-amino salicylic acid and salicylic acid derivates. ' 

Methotrexate is exemplified in Example 4. Applicant maintains that no more description 
is necessary or warranted. The method is intended to be broadly applicable to any 
chemical species having the requisite properties and there is nothing to suggest that its 
applicability is any less expansive than claimed and described. 
35 U.S.C. § 103 rejection of claims 1-12 

The examiner has rejected claim 1-12 as being unpatentable over Nichols, etal, 
or Deamer, et al, or Cramer, et al. The examiner states that each of these references 
teaches the concept of loading a chemical species into the liposomes using a pH 
gradient and that it would have been obvious to one skilled in the art to load any drug 
with the expectation of similar loading since applicant has not demonstrated side-by- 
side comparison of the prior art's liposome loading versus the present application's 
liposome loading. 

Applicant traverses. 
Applicant's response 

As applicant pointed out in his response to the 19 November 2007 office action to 
the §102 rejections over Nichols, Deamer and Cramer, applicant does not dispute that 
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using pH gradients to load vesicles. Applicant pointed out, and reiterates here, that 
nowhere in Nichols, Deamer or Cramer is the concept taught or so much as suggested 
of using membrane impermeable buffers to maintain loading after the gradient is 
destroyed. Since none of the cited references individually teaches or suggests such, 
clearly the combination of them cannot do so. 

The examiner is requested to reconsider and thereupon withdraw the rejection. 


Applicant believes that based on the above Remarks, this application is in 
condition for allowance and respectfully requests that it be passed to issue. 

In addition, applicant requests a one month extension in time within which to file 
this response. The Commissioner is authorized to charge the fee due to SQUIRE, 
SANDERS & DEMPSEY Deposit Account No. 07-1850. 

Dated: January 5, 2009 Respectfully submitted, 


CONCLUSION 


Squire, Sanders & Dempsey L.L.P. /) 

One Maritime Plaza, Suite 300 ^jr ^£ 

San Francisco, CA 94111 Wy^T^A^ 

Telephone (41 5) 393-9882 Bernard F.'RpWl 

Facsimile (415) 393-9887 Reg. No. 42,112 Reg No 42&2/ 



Attorney for Applicant 
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RELATED PROCEEDINGS APPENDIX 

There are no related proceedings. 
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